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INTRODUCTION
Today, the main reasons for applying restorative dental materials is not only to restore 
dental tissues lost because of caries or trauma, but also to correct the form and 
colour of teeth for social acceptance. In some parts of the world, it is estimated that 
up to 50 percent of individuals seek dental care simply to improve the appearance 
of their dentition.1 In reconstructive dentistry, missing dental tissues can be restored 
through a number of treatment options. 
For  many  years,  full-coverage  crowns  were  considered  the  most  predictable 
treatment  option.  In  a  systematic  review,  the  estimated  survival  rates  of  such 
restorations were reported to be 95.6 percent for metal-ceramics, and between 
87.5 and 96.4 percent for all-ceramic materials after 5 years of function.2 Recent 
practice-based evidence showed less favourable results of 63 percent for metal-
ceramic and 48 percent for all-ceramic crowns for up 10 years.3 Unfortunately, full-
coverage crowns require substantial removal of sound dental tissues to gain space 
for the restorative material, and to achieve macro-retention. This can weaken the 
tooth, which might lead to pulpal injuries, and patient discomfort during or after 
drilling. Biological complications were rare; however, there is a 2.1 percent loss of 
vitality and a 1.8 percent risk of caries.2 
Owing  to  great  progress  in  adhesive  technologies,  restorations  in  the  form  of 
laminate veneers, sectional veneers, inlays, onlays, and overlays can be bonded 
onto the enamel and dentin, with the existing restorations requiring minimal or no 
tooth preparation. This enables clinicians to preserve the enamel that protects the 
dentin and the pulp.4 Therefore, classical full-coverage restorations are presently 
considered to be invasive treatment modalities. 
Particularly,  restoration  of  the  anterior  dentition  can  be  performed  with  laminate 
veneers.  A  laminate  veneer  is  a  thin  layer  of  ceramic  (indirect)  or  resin-based 
composite (direct or indirect) covering the buccal surface of the tooth. These require 
a minimal preparation depth of 0.3–0.8 mm of the tooth to obtain sufficient thickness 
for the material to attain the necessary form and colour.5,6 This is approximately one-
quarter to one-half the amount of tooth reduction needed for full-coverage crowns.5 
DIRECT COMPOSITE LAMINATE VENEERS
Because of the possibility of etching the enamel and dentin, the clinician can bond 
resin composites directly to the tooth, using an incremental layering technique. This 
requires minimal or no tooth preparation, and can be performed in one session 
without any laboratory costs, as would be the case for indirect restorations. 
Resin  composites  contain  a  polymeric  matrix  filled  with  different  types  of  filler 
particles. With improvements in filler technologies, particle size has decreased 10 11  10 11 
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from  a  macro  to  micro  and  even  to  a  nano  scale.7,8 Mixtures of filler particles 
result in hybrid or micro-hybrid composites, which improve their colour stability 
and strength.7,8 However, polymeric materials still have certain limitations such as 
polymerization  shrinkage,  staining,  wear,  a  relatively  low  degree  of  conversion, 
and loss of surface lustre over time.9 With a higher amount of filler particles and 
a decrease in filler particle size in the resin matrix, some shortcomings such as 
discoloration  were  improved.9  Recently,  among  other  resin-based  composites, 
microhybrid composites were reported to maintain their surface lustre, even with 
aging.10 
Limited  information  is  available  on  the  long-term  clinical  performance  of  direct 
composite laminate veneers. The available studies show survival rates ranging from 
78 to 94 percent at the 3-year follow up.11,12
INDIRECT COMPOSITE LAMINATE VENEERS
Although more costly compared with direct alternatives, indirect composite laminate 
veneers are still considered economical options to ceramic laminates. From a material 
characteristics point of view, a higher degree of conversion can be achieved with 
these materials than with direct ones, because they are processed in special heat- 
and photo-polymerization devices at the dental laboratory.13,14 Since new generations 
of indirect composites are highly-filled particulate filler composites (up to 92 wt%), 
better wear resistance and physical properties are observed compared with the 
preceding  generation  of  resin  composite  materials.13,14  With  highly-filled  indirect 
composites, no clinical data are available to date for laminate veneer applications.
INDIRECT CERAMIC LAMINATE VENEERS
Among all laminate veneer options, ceramic veneers have the longest history, first 
being applied in 1937 in the film industry for cosmetic reasons.15 Because it was not 
possible back then to permanently bond them to dental tissues, they were attached 
temporarily. When it became possible to etch the enamel with phosphoric acid16 and 
condition the cementation surfaces of the ceramics with hydrofluoric acid followed 
by silanization,17,19 ceramic laminates could be permanently bonded to teeth. 
Since  1983,  survival  rates  for  ceramic  laminate  veneers  have  ranged  from  100 
percent after 4 years20 to 53 percent after 10 years.3 In a meta-analysis published in 
1997, the survival rate of ceramic laminate veneers was found to be 92 percent after 
3 years of function.21
Compared with resin composites, ceramics are often referred to as the material 
of  choice  because  of  their  higher  fracture  toughness  and  colour  stability.22,23 
Nevertheless, clinical studies report failures such as debonding, fracture, chipping, 
marginal defects,16,24-26 or microleakage at the margins.7,25,27,2812 13 
Patient  satisfaction  may  be  better  than  the  calibrated  evaluations  of  clinical 
observers who have been educated to detect even minor changes in restorations. 
In previous retrospective and clinical studies, patients were equally satisfied with 
both ceramic and composite laminates (p > 0.05).29,30 However, after two years, a 
significant difference was observed, with the ceramic restorations delivering the 
best results.29
ADHESION AND SUBSTRATE-RELATED PROBLEMS
For the durability of direct or indirect laminate veneers, the presence of enamel as 
a substrate is considered to be better than dentin for adhesion.24,31,32 However, in 
some situations, the substrate may contain not only enamel but also areas with 
exposed dentin after tooth preparation. Moreover, in a clinical study, 60 percent 
of the laminate veneers were reported to cross over an existing resin composite 
restoration. 33 Replacing the existing composite restoration with a new one inevitably 
leads to additional tissue loss. In fact, such restorations that are in acceptable 
condition  could  be  maintained.  Marginal  defects  were  often  noticed  when  the 
laminate  veneers  ended  in  existing  composite  restorations.16,25,26  Although  the 
most  recent  studies  demonstrate  reliable  composite-composite  adhesion  using 
physicochemical surface-conditioning methods,34-37 their use was not reported in 
clinical studies.16,25,26,33 On the other hand, individual conditioning methods exist for 
enamel, dentin, and composite, but the presence of all 3 substrates next to each 
other considerably complicates the cementation protocol of laminates. Furthermore, 
existing restorations may show various degrees of aging owing to exposure to the 
oral environment,38 and the amount of free radicals on the surface of the existing 
restoration  may  be  different  in  each  case.  The  advantage  of  recommended 
conditioning methods as described in in vitro studies for the clinical situation is 
still unknown. Nevertheless, if a stable bond could be obtained by conditioning the 
existing restorations, fewer restorations have to be removed. 
FIBRES IN DENTISTRy
In all laminate veneer applications, the most common failure type was reported 
to be fractures, although the incidence was low.16,25,26 Since these restorations are 
delicate, delamination and fracture may occur simultaneously. In other disciplines 
of restorative dentistry, the bonded interfaces are reinforced using fibre-reinforced 
composite  sheets.39,40  Fibres  can  withstand  tensile  stresses  and  stop  crack 
propagation in composite materials.41,42 The origin of crack initiation and propagation 
may not be traced in Iaminate veneers, but theoretically the use of fibres might 
prevent crack propagation along the laminate-cement-tooth interface. 
AIMS OF THIS THESIS
This thesis consists of in vitro and in vivo studies. In the in vitro studies, the initial 
adhesive performance of luting cements on non-aged and aged resin composites 12 13 
was evaluated. Then, the durability of laminate veneers bonded onto teeth with 
existing  resin  composites  of  different  sizes  was  observed,  and  the  application 
of  fibres  at  the  cementation  interfaces  of  laminate  veneers  was  assessed.  The 
objectives of the clinical studies were to compare the clinical performance of two 
micro-hybrid composites and ceramic laminate veneers bonded onto teeth with and 
without existing composites, and also to gain insight into the survival of composite 
and ceramic veneers in the same patient. 
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ABSTRACT
objectives: Since adhesion of the restorative materials to pre-polymerized or aged 
resin composites presents a challenge to the clinicians, existing restorations are 
often removed and remade prior to cementation of fixed-dental-prosthesis (FDPs). 
This study evaluated the bond strength of non-aged and aged resin composite to an 
indirect resin composite and pressed glass ceramic using two resin cements. 
materials and methods: Disk shaped specimens (diameter: 3.5, thickness: 3 mm) 
(N = 160) produced from a microhybrid resin composite (quadrant Anterior Shine) 
were randomly divided into eight groups. While half of the specimens were kept dry 
at 37ºC for 24 hours, the other half was aged by means of thermocycling (6,000 
times, 5ºC to 55ºC). The non-aged and aged resin composites were bonded to a 
highly filled indirect composite (Estenia) and a pressed glass ceramic (IPS Empress 
II)  using  either  a  photopolymerizing  (Variolink  Veneer)  or  a  dual-polymerizing 
(Panavia F2.0) resin cement. While cementation surfaces of both the direct and 
indirect  composite  materials  were  silica  coated  (30  µm  SiO2,  CoJet-Sand)  and 
silanized (ESPE-Sil), ceramic surfaces were conditioned with hydrofluoric acid (20 
seconds), neutralized and silanized prior to cementation. Shear force was applied 
to the adhesive interface in a universal testing machine (1 mm/min). Failure types of 
the specimens were identified after debonding.
results:  Significant  effects  of  aging  (p  <  0.05),  restorative  material  (p  <  0.05), 
and cement type (p < 0.05) were observed on the bond strength (3-way ANOVA). 
Interaction terms were also significant (p < 0.05) (Tukey’s test). After aging, in terms 
of bond strength, indirect composite and pressed glass ceramic in combination with 
both cements showed no significant difference (p > 0.05). Both indirect composite 
(24.3±5.1 MPa) and glass ceramic in combination with Variolink (22±9 MPa) showed 
the highest results on non-aged composites, but were not significantly different 
from one another (p > 0.05). On the aged composites, indirect composite and glass 
ceramic showed no significant difference in bond strength within each material group 
(p > 0.05), with both Panavia (17.2±6 and 15±5.5 MPa, respectively) and Variolink (19 
± 8, 12.8 ± 5.3 MPa, respectively), and glass ceramic-Variolink on aged composite 
revealed  the  lowest  results  (12.8±5.3MPa).  Among  all  groups,  predominantly 
cohesive failures were experienced in the indirect resin composite substrate (79 out 
of 80) compared to the ceramic (18 out of 80) (p < 0.05) (Chi square).
conclusion: Regardless of the resin cement type, considering the bond values and 
the failure types, the adhesion quality of indirect composite cemented to non-aged 
and aged resin composite was superior with both cements compared to pressed 
glass ceramic.
Key  words:  Aging,  Cementation,  Glass  ceramic,  Microhybrid  composite,  Silica 
coating, Surface conditioning20 21  20 21 
INTRODUCTION
Adhesively  bonded  restorations  offer  the  advantage  of  sealing  the  margins  of 
the restorations, through which the solubility of cements could be minimized. In 
addition, the adhesive technique not only enables minimal invasive restorations, but 
also reinforces glassy matrix ceramics. 1 Since retention of the laminate restorations 
do not rely on mechanical principles, the cementation of such restorations is crucial 
for long-term success.1,2 Successful cementation increases the retention and the 
fracture resistance of the tooth and the restoration, while also reducing the incidence 
of microleakage.2,3 In addition to form, contour corrections, and colour improvement, 
laminates are commonly indicated especially for situations where resin composite 
(hereon: composite) restorations are aged (i.e. discoloured, abraded). Replacing the 
existing composite restorations with new ones may lead to removal of sound dental 
tissues. In several clinical studies, it was concluded that marginal defects were the 
main reasons for failures of laminates, and such defects were noticed particularly at 
the locations where the existing restorations were present.4,5,6
Indirect laminates can be fabricated either from composites made of particulate 
filler composites or ceramics.7,8 Ho w ev er , W akiaga et al . 9 in a Cochrane review 
recently stated that there is no evidence for selecting which material should be 
used for laminate restorations. Particulate filler composites for indirect composite 
restorations are characterized by a filler/matrix ratio of a ginven volume or weight of 
the resin composite and contain a significantly higher amount of fillers than direct 
resin composites. One recent indirect composite, Estenia, contains up to 92 wt% 
compared to the preceding generations, which contain 50 to 80 wt%.10,11 
Ceramics  and  polymeric  laminate  materials  are  subjected  to  different  adhesion 
protocols  for  durable  cementation.  For  conditioning  glassy  matrix  ceramics, 
hydrofluoric acid (HF) etching followed by application of silane coupling agent treatment 
is recommended as a well established method.12-17 HF selectively dissolves the glass 
or crystalline components of the ceramic and produces a porous, irregular surface. 
This increases the surface area and penetration of resin into the microretentions of 
the etched surfaces, by which durable adhesion is achieved. Application of adhesive 
resin after HF etching further promotes the wettability of the luting cement on the 
cementation surface of the ceramic.18 On the other hand, for surface conditioning 
of polymeric materials, recent studies demonstrated favorable results using air-
borne particle abrasion with silica-coated alumina particles followed by silanization, 
as  opposed  to  acid  etching  and  silanization  or  using  alumina  air  abrasion  and 
silanization.17,19-21 In the silica-coating technique, due to the blasting pressure, both 
alumina and silica particles that are attached to the surface further react with the 
silane. Silane molecules react with water to form three silanol groups (–Si–OH) 
from the corresponding methoxy groups (–Si–O–CH3).21 The silanol groups then 
form a siloxane (–Si–O–Si–O–) network with the silica surface and make covalent 
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bridges with the surface hydroxyl groups: –Al–O–Si–. Monomeric ends of the silane 
molecules react with the methacrylate groups of the adhesive resins by a free radical 
polymerization process. Resin cements vary depending on their composition. In 
previous studies, favorable results have been obtained with 10-methacryloyloxydecyl 
dihydrogen phosphate (MDP), or methacylate-based cements in combination with22 
or without silica coating3,23 on glass-based ceramics. 
Although many studies concentrated on the adhesion of resins to newly polymerized 
fresh composites,3,24-28 limited information is available on the adhesion of composites 
or cements on aged composites.20,18 It can, however, be anticipated that fewer 
surface free radicals are available on aged composites, which may yield inferior 
adhesion of ceramics and indirect composites on such surfaces compared to non-
aged ones. Karlsson et al.29 reported that 60% of the laminate veneers crossed an 
existing composite restoration. Hence, more information is required on the durability 
of laminates on existing restorations. The objectives of this study were therefore to 
evaluate the bond strength of an indirect composite and pressed glass ceramic, 
indicated for laminate restorations, to non-aged and aged microhybrid composite 
using two different resin cements and to analyze the failure types. 
MATERIALS AND METHODS
The product name, manufacturer, chemical composition and batch numbers of the 
materials used in this study are listed in Table 1. Figure 1 schematically represents 
experimental  groups  and  number  of  specimens  depending  on  the  substrate-
adherent combinations and the aging conditions. 
SPECIMEN PREPARATION
The  micro-hybrid  composite  (quadrant  Anterior  Shine,  Cavex;  Haarlem,  The 
Netherlands), representing the existing restoration under the laminates, (N = 160, n = 
20 per group), was packed into a polyethylene mold (diameter: 3.5 mm, height: 3 mm) 
with a hand instrument and photo-polymerized incrementally in layers no more than 
2 mm thick. Each increment was polymerized with a halogen photopolymerization 
unit (Demetron LC, SDS Kerr; Orange, CA, USA) for 40 seconds from a distance of 
2 mm from the surface. Light intensity was >450 mW/cm2, verified by a radiometer 
(Demetron LC, Kerr) after every 10 specimen. The surface layer was covered by 
a glass plate in order to create a smooth surface and to prevent the formation of 
an oxygen inhibited layer. After polymerization, the polyethylene molds were gently 
removed from the test specimens. 
Disc shaped indirect resin composites from particulate filler composite (diameter: 
17 mm, height: 2 mm) (N = 80) (Estenia) were fabricated using a mold on a glass 
plate. They were heated (100°C to 110°C for 15 minutes) and photopolymerized (400 
ChaptEr 0224 25  24 25 
to 515 nm for 270 seconds) using a special polymerization device (Shining 2000, 
Tecnomedica; Bareggio, Italy) according to the manufacturer’s recommendations. 
Ceramic discs (N = 80) (diameter: 17 mm, height: 2 mm) were made of a pressed 
glass  ceramic  (IPS  Empress  II)  using  the  lost-wax  technique  according  to  the 
manufacturer’s recommendations.
After  fabricating  the  indirect  composite  and  ceramic  specimens,  they  were  all 
embedded in polyethylene rings (diameter: 20 mm, height: 10 mm) using auto-
polymerizing  polymethylmethacrylate  (PMMA)  (Autoplast,  Candulor;  ältstatten, 
Switzerland) ensuring that one surface of the disc remained uncovered for bonding 
procedures. Cementation surfaces were then finished with 1200-grit silicone carbide 
abrasive papers under water cooling (Struers; RodØvre, Denmark). This surface 
area allowed bonding of 4 microhybrid composites at a time to the substrate disks.
The microhybrid composites (N = 160) were randomly divided into two groups. While 
half of the specimens were only stored dry for 24 hours at 37ºC (non-aged control 
group), the other half was aged by thermocycling (Willytec, Gräfelfing; Germany) 
6,000 times (5ºC to 55ºC, dwell time: 30 seconds, transfer time from one bath to 
the other: 5 seconds).
SURFACE CONDITIONING METHODS
After aging, the bonding surfaces of all microhybrid composites and the indirect 
resin composite specimens were conditioned using silica coating and silanization. 
This  was  performed  using  an  intraoral  air-abrasion  device  (Dento-Prep,  RØnvig; 
Daugaard, Denmark) filled with 30-µm alumina particles coated with silica (CoJet-
Sand, 3M ESPE; Seefeld, Germany), from a distance of approximately 10 mm at a 
pressure of 2.5 bars for 4 seconds. Following surface conditioning, the remnants of 
sand particles were gently air blown. The conditioned substrates were then coated 
with a 3-methacryloxypropyl trimethoxysilane coupling agent, γ-MPS (ESPE-Sil, 3M 
ESPE), and left to react for 5 minutes. Finally, the bonding agent (Visio-Bond, 3M 
Estenia   Empress  II 
Panavia F2.0     
Aged  Non-aged  Aged  Non-aged  Aged   Non-aged  Aged  Non-aged  
Gr1 
(ES-P-A) 
Gr2 
(ES-P-NA) 
Gr3 
(ES-V-A) 
Gr5 
(EMP-P-A) 
Gr6 
(EMP-P-NA) 
Gr7 
(EMP-V-A) 
 
Variolink Veneer   Variolink Veneer
Gr4 
(ES-V-NA) 
Gr8
(EMP-V-NA) 
Panavia F2.0 
Figure 1. Schematic representation of the experimental groups depending on the restorative 
material, cement type, and aging conditions of the resin composite. 24 25  24 25 
ESPE) was applied with a microbrush, air thinned, and 
photo-polymerized for 20 seconds. 
The ceramic discs were etched with 4.9% HF acid 
(IPS Empress Ceramic Etching Gel, Ivoclar Vivadent; 
Schaan, Liechtenstein) for 20 seconds, washed and 
rinsed in a polyethylene cup. They were then neutralized 
in the diluted solution of neutralizing powder (CaCO3 
and  Na2CO3)  for  5  minutes,  washed  thoroughly  for 
20 seconds using water, and air-dried. Then a silane 
coupling agent (Monobond S, Ivoclar Vivadent) was 
applied, allowed to react for 60 seconds, and air-dried 
according to the manufacturer’s instructions.
CEMENTATION
The  conditioned  substrates  (indirect  composite  and 
ceramic) and adherends (microhybrid composite) were 
bonded  to  each  other  using  either  Variolink  Veneer 
(Ivoclar  Vivadent)  or  Panavia  F2.0  (Kuraray;  Tokyo, 
Japan) resin cements. Both cements were mixed and polymerized according to each 
manufacturer’s instructions.
The microhybrid resin composites received a thin layer of the luting cement and were 
then placed on the substrate using an alignment apparatus under a load of 750 g 
to ensure an even film thickness of the cement. The cement surplus was removed 
first using the tip of a probe, followed by a microbrush. The bonded area was 
photopolymerized for 40 seconds each from two directions. The distance between 
the exit window and the bonded interface was maintained at 2 mm to obtain adequate 
polymerization. An oxygen inhibiting gel (Oxyguard II, Kuraray, Okayama, Japan; 
Batch #00482A) was applied on the free surfaces. After waiting for 5 minutes, it was 
washed away, rinsed and dried. After bonding, the specimens were stored 24 hours 
in distilled water prior to shear bond testing. 
TESTING PROCEDURE AND FAILURE ANALySIS
Specimens were then mounted in the jig of a universal testing machine (Zwick ROELL 
Z2.5 MA 18-1-3/7, Ulm, Germany) and the shear force was applied to the adhesive 
interface until failure occurred (Figure 2). The load was applied to the adhesive 
interface, as close as possible to the surface of the substrate at a crosshead speed 
of 1 mm/min and the stress-strain curve was analyzed with the software program 
(TestXpert, Zwick ROELL). Subsequently, digital photos (Canon Ixus 40, Canon, 
Tokyo, Japan) were taken of the substrate surfaces.
 
Figure 2. Representative 
specimen mounted in the 
jig of the universal testing 
machine with adhesive 
interface submitted to shear 
force. 
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After  debonding,  the  failure  sites  were  examined  by  two  calibrated  operators 
(M.G., M.Ö.) both visually and from digital photographs using a software program 
(CorelDRAW 9.0, Corel, Ottowa, Canada). Failure types were scored using a 5-point 
scale ranging from 1 to 5, where the substrate was either the indirect composite 
or the pressed glass ceramic: 1: cohesive failure in the substrate covering >1/3 
of the surface; 2: cohesive failure in the substrate covering <1/3 of the surface; 
3: cohesive failure of the cement adhered on the substrate covering >1/3 of the 
surface; 4: cohesive failure of the cement adhered on the substrate covering <1/3 
of the surface; 5: adhesive failure with no resin left on the substrate. Representative 
specimens were sputter-coated with 5 to 7 nm Au/Pd (BAL-TEC sputter coater; type 
07 120B, Balzers, Liechtenstein) and evaluated in a scanning electron microscope 
(JEOL FE-SEM 6301F, Tokyo, Japan) at 20x and 25x magnification. 
STATISTICAL ANALySIS
Statistical analysis was performed using SPSS 11.0 software for Windows (SPSS, 
Chicago, IL, USA). Bond strength data (MPa) were submitted to three-way ANOVA 
with the bond strength as the dependent variable and bonding substrate type (indirect 
composite or ceramic) (2 levels), luting material (2 levels), and aging factor (2 levels) 
as  independent  variables.  Since  all  corresponding  interactions  were  statistically 
significant (p < 0.05), Tukey`s test was used for multiple comparisons (p < 0.05). The 
chi-square test was used to analyze the differences between failure types. P values 
less than 0.05 were considered to be statistically significant in all tests. 
groups mean ±sD
1 es-P-a 17.2 ± 6.0a,c,d
2 es-P-na 18.7 ± 3.5a,b,c
3 es-V-a 19.0 ± 8.0a,b,c
4 es-V-na 24.3 ± 5.1b
5 emP-P-a 15.0 ± 5.5c,d
6 emP-P-na 18.7 ± 3.5 a,b,c
7 emP-V-a 12.8 ± 5.3d
8 emP-V-na 22.0 ± 9.0a,b
Table 2. The mean shear bond strength values in MPa (±SD) for the experimental groups. The 
same superscript letters in the same column indicate no significant differences (α = 0.05). For 
group descriptions, see Figure 1.26 27  26 27 
RESULTS
Mean bond strength results and significant differences between the experimental 
groups are presented in Table 2. 
Significant effects of aging (p < 0.05), restorative material (p < 0.05), and cement 
type (p < 0.05) were observed on the bond strength (3-way ANOVA). Interaction 
terms were also significant (p < 0.05) (Tukey’s test). 
After aging, in terms of bond strength, indirect composite and pressed glass ceramic 
in combination with both cements showed no significant difference (p > 0.05). Both 
indirect composite (24.3±5.1 MPa) and glass ceramic in combination with variolink 
(22±9 MPa) showed the highest results on non-aged composites but were not 
significantly different from one another (p > 0.05). On the aged composites, indirect 
composite and glass ceramic showed no significant difference in bond strength 
within each material group (p > 0.05), with both Panavia (17.2±6 and 15±5.5 MPa, 
respectively) and Variolink (19±8, 12.8±5.3 MPa, respectively), but in all groups, 
glass ceramic-Variolink on aged composite revealed the lowest results (12.8±5.3 
MPa) (Figure 3).
SEM analysis showed different surface topographies on the ceramic surface after 
HF etching and silica/alumina particle deposition on the indirect composite after air 
blasting (Figure 4). 
In all groups, more cohesive failures (Score 1 and 2) were observed in the indirect 
composite substrate (79 out of 80) than in ceramic (18 out of 80) (Table 3, p < 
0.05). Ceramic groups presented more adhesive failures between the substrate and 
the adherend (Score 5: 33 out of 40) compared to the indirect composites (Score 
5: 1 out of 40) (p < 0.05). In general, the incidence of Score 1 observed in non-
aged groups decreased after aging. Images of representative failures from different 
groups showing scores 1 to 5 are presented in Figure 5. 
DISCUSSION
This  study  was  undertaken  in  order  to  compare  the  adhesion  of  two  esthetic 
restorative materials to non-aged and aged resin composites when bonded with 
two resin-based luting cements. 
Two  laminate  restorative  materials  were  of  interest,  namely  indirect  composite 
(Estenia) and ceramic (IPS Empress II). Cementation surfaces of both materials were 
conditioned using different adhesion protocols based on the previously reported 
results.12,17,18,20,21,30 Since lithium-disilicate reinforced IPS Empress II possesses a high 
crystalline content, best adhesion results were obtained when they were conditioned 
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with HF acid etching, followed by silane coupling agent compared to other methods, 
such as alumina deposition or heat treatment and silanization.1,16 Thus, the adhesion 
of composite materials to such ceramics is provided by a combination of mechanical 
retention that is achieved by HF etching, and chemical reaction provided by the 
silane-coupling agent. Similarly, for indirect composite surface roughening through 
alumina-silica particle deposition favors micromechanical retention, and subsequent 
application of MPS silanes form the siloxane network (-Si-O-Si-O-).21 
In this study, the highest bond strengths were obtained between the Estenia-Variolink 
Veneer on non-aged composite (24 MPa), but were not significantly different from 
that of Empress-Variolink Veneer (22 MPa). The indirect composite used was based 
on urethane tetramethcrylate (UTMA) matrix that contains lanthanum oxide fillers. The 
high bond strengths could be attributed to durable siloxane bonds between the silica-
coated and silanized polymer matrix/filler surface and the bis-GMA resin cement. 
According to previous studies, the degree of conversion of indirect heat and photo-
polymerized composites ranges from 47% to 91%.10,11,31 In deeper preparations, the 
polymerization degree has been shown to be less in UTMA based composites versus 
those based on bis-GMA due to a greater mismatch in the refractive index between 
monomer and filler.31,32 Therefore, some unreacted polymers can be present at the 
surface which can copolymerize with the methacrylate groups of the silane.31 Even 
though the degree of conversion of the composite surface was the focus in those 
studies,31,32 in fact, the first layer in contact with the indirect composite consists of 
Figure 3. Mean bond strength values (MPa) for substrate-adherend combinations with and 
without aging. For group descriptions, see Figure 1.
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Japan) were taken of the substrate surfaces. 
After debonding, the failure sites were examined by 
two calibrated operators (M.G., M.Ö.) both visually and 
from digital photographs using a software program (Core -
lDRAW 9.0, Corel; Ottowa, Canada). Failure types were 
scored using a 5-point scale ranging from 1 to 5, where 
the substrate was either the indirect composite or the 
pressed glass ceramic: 1: cohesive failure in the sub -
strate covering >1/3 of the surface; 2: cohesive failure in 
the substrate covering <1/3 of the surface; 3: cohesive 
failure of the cement adhered on the substrate covering 
>1/3 of the surface; 4: cohesive failure of the cement 
adhered on the substrate covering <1/3 of the surface; 
5: adhesive failure with no resin left on the substrate. 
Representative specimens were sputter coated with 5 to 
7 nm of Au/Pd (BAL-TEC sputter coater; type 07 120B; 
Balzers, Liechtenstein) and evaluated in a scanning elec -
RESULTS
Mean bond strength results and signi￿cant di￿erences be -
tween the experimental groups are presented in Table 2. 
Signi￿cant e￿ects of aging (p < 0.05), restorative mate -
rial (p < 0.05), and cement type (p < 0.05) were observed 
on the bond strength (3-way ANOVA). Interaction terms 
were also signi￿cant (p < 0.05) (Tukey’s test). 
Aging did not decrease the bond strength of the two 
cements on either the indirect composite or the pressed 
glass ceramic (p > 0.05). In all conditions, the Estenia-
Variolink combination (19 ± 8 to 24.3 ± 5.1 MPa) showed 
signi￿cantly higher bond strengths than those of other 
material/cement combinations (p < 0.05; Tukey’s test) 
(Fig 3). 
SEM analysis showed di￿erent surface topographies 
on the ceramic surface after HF etching and silica/alu -
Shear Bond Strength (MPa)  28 29  28 29 
Figure 4a. SEM images of typical surface 
of hydrofluoric acid etched glass ceramic 
(IPS Empress II) (20,000x magnification). 
Note the microretentive surface of the 
ceramic after etching.
the particles attached from the air-abrasion process. In the present study, both dual 
polymerized MDP-containing bis-GMA and photocuring bis-GMA-based cements 
gave comparable results when non-aged and aged composites were bonded onto 
the restorative materials tested. When the surface layer contains less polymerized 
soft resin layer, this may favor the penetration of the particles that then act as sites 
for silane reaction in the indirect resin group.33 
The results in the indirect resin group bonded to the aged composites tend to give 
lower bond strengths, but the differences were not significant. The only statistically 
significant difference was observed when non-aged and aged composites were 
bonded to the ceramic using Variolink Veneer. In a study by Kumbuloglu et al,3 the 
resin cement Variolink II was bonded to Empress II disks. After 6,000 thermocycles 
between 5˚C to 55˚C, a mean bond strength of 23.2 MPa was achieved, which was 
higher than in this study (12.8 MPa). However, the results obtained with Panavia-
Empress II in the same study exhibited lower bond strengths (4.3 MPa) than that of 
this study (15 MPa). The differences between these two studies could be attributed 
to the aging process employed and the testing procedures. In the study mentioned 
above,3  thermocycling  was  performed  after  cementation  to  examine  the  aging 
effect on the bonded area. Consequently, the bonded cement/ceramic interface 
was exposed to aging, whereas in the present study, it was performed prior to 
cementation on the composite specimens only. The choice of aging methods may 
have relevance, depending on the objectives of the studies. In previous studies,3,21,23 
the luting cement was directly attached to the adherend. This cement bulk could be 
more prone to shrinkage during thermocycling than the thin cement film achieved 
under 750 g loading. Whether it is the aging effect or the shrinkage occurring at 
the  ceramic/cement  interface  due  to  thermocycling  needs  further  investigation. 
In a study similar to this one, resin composite disks were adhered with different 
luting  cements  to  a  pressed  glass-ceramic  (Empress  II)  with  a  bis-GMA-based 
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Figure 4b. SEM image of typical surface 
of silica coated indirect composite (Estenia) 
(3,000x magnification). Note the presence 
of the attached silica/alumina particles on 
the indirect composite after air blasting.30 31  30 31 
Figure 5a. SEM image of representative 
specimen from group ES-P-A. Cohesive 
failure in the substrate covering >1/3 of the 
surface (score 1). S=Estenia.
Figure 5b. SEM image of representative 
specimen from group ES-P-A. Cohesive 
failure in the substrate covering <1/3 of 
the surface (score 2). A=resin cement, 
S=Estenia.
Figure 5c. SEM image of representative 
specimen from group EMP-P-A. Cohesive 
failure of the cement adhered on the 
substrate covering >1/3 of the surface 
(score 3). 
S= Estenia, A= resin cement. 
Figure 5d. SEM image of representative 
specimen from group EMP-P-A. Cohesive 
failure of the cement adhered on the 
substrate covering <1/3 of the surface 
(score 4). S=Estenia.
Figure 5e. SEM image of representative 
specimen from group EMP-P-A. Adhesive 
failure with no resin left on the substrate
(score 5).30 31  30 31 
resin  cement  (Variolink  II).23  The  ceramic-cement  combination  exhibited  higher 
shear bond strengths (17.2 MPa) than found in the present study. However, the 
ceramic-cement complex was thermocycled for only 1,000 cycles.19,34 Variation in 
aging conditions in such studies19,21,34,35 should be taken into consideration when 
evaluating the results. 
Adhesive quality should not be assessed considering bond strength values alone. 
According to the scoring system employed, scores 1 and 2 imply cohesive failures in 
the restorative materials at varying degrees. In principle, when adhesion at the bonded 
joint exceeds that of the cohesive strength of the substrate, cohesive failures in the 
substrate occur. This is usually considered reliable adhesion.14,20,34 While adhesive 
failures were more common in the ceramic groups, the indirect composite showed 
exclusively cohesive failures. The effect of aging on the failure types was evident. While 
non-aged groups failed exclusively cohesively (covering >1/3 of the substrate surface) 
in both cement groups, when cementation was performed on the aged composites, 
the cohesively failed area covered <1/3 of the substrate surface. This indicates some 
kind of decrease in the adhesion quality. When the incidence of cohesive failures in the 
substrate was less (scores 1 and 2), there was a greater tendency toward adhesive 
failures (score 5) or cohesive failures (scores 3 and 4) in the resin cement.
groups score 1 score 2 score 3 score 4 score 5
1 (es-P-a) 7a,A 12b,A 0c,A 0c,A 1c,A
2 (es-P-na) 20a,B 0b,B 0b,A 0b,A 0b,A
3 (es-V-a) 14a,A 6b,B 0b,A 0b,A 0b,A
4 (es-V-na) 20a,B 0b,B 0b,A 0b,A 0b,A
5 (emP-P-a) 1a,C 2a,B 1a,A 4a,A 12b,B
6 (emP-P-na) 0a,C 3a,B 2a,A 8b,B 7b,C
7 (emP-V-a) 0a,C 0a,B 0a,A 11b,B 9b,B
8 (emP-V-na) 9a,A 3b,B 0b,A 3b,A 5b,C
Table 3. Distribution and frequency of failure types between the restorative material (substrate) 
and the cement per experimental group analyzed after bond strength test. Score 1: Cohesive 
failure in the substrate covering >1/3 of the surface; score 2: cohesive failure in the substrate 
covering <1/3 of the surface; score 3: cohesive failure of the cement adhered on the substrate 
covering >1/3 of the surface; score 4: cohesive failure of the cement adhered on the substrate 
covering <1/3 of the surface; score 5: adhesive failure with no resin left on the substrate. 
Same lowercase superscripts in each row and capital superscripts in each column indicate no 
significant differences (p < 0.05; chi-square test)
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Because  cohesive  failures  have  been  associated  with  the  shear  test  method,19 
the microtensile test was suggested by Sano et al.36 Since the latter assesses the 
bond strength of specimens with reduced areas of adhesive joint, fractures occur 
basically at the adhesive interface. On the other hand, Shahdad et al.26 reported 
that loading the specimens under shear could be considered to be clinically more 
relevant than flexural or tensile loading, since it produces elements of shear, tensile 
and compressive stresses that often occur during chewing. The results of this study 
need to be verified through microtensile testing. Nevertheless, the failures observed 
were not cohesive in all groups, meaning that this method could still be used for 
screening or ranking purposes. In this study, usually when bond strength values 
exceeded 15 MPa in the indirect composites and 22 MPa in the ceramic groups, 
the  frequency  of  small  cohesive  defects  in  the  substrate  were  more  common. 
However, when the results are coupled with the failure types, impaired adhesion 
could be expected from the laminate restorations bonded onto existing composite 
restorations. 
Several studies investigated the effect of various aging methods such as long-
term water storage, acidic challenges, and thermocycling on composite-composite 
adhesion.3,18,20 It was concluded that thermocycling could be considered to represent 
the worst-case scenario, simulating the thermal changes in the oral conditions for 
aging  and  stressing  the  composite.20 High  or  elevated  temperatures  in  the  oral 
environment ranging between 5°C to 55°C weaken the composite.37 Temperature 
alterations could also decrease the number of unreacted double C=C bonds on the 
surface or within the composite, which consequently may affect the composite-
composite adhesion. Furthermore, in clinical situations it is likely that the low pH 
conditions might decrease the functional groups of free radicals.20 Therefore, even 
lower bond strengths can be expected when laminates are bonded to aged composite 
restorations in vivo. In this study, only the microhybrid restorative composite was 
subjected to aging conditions, namely 6,000 thermocycles, that took approximately 
1 week. Water uptake and saturation in the composite was not measured which 
can be considered as a limitation of this study. The bonded joint was not subjected 
to  aging  conditions.  On  the  other  hand,  it  should  also  be  noted  that  thermal 
aging in some bonded joints may even contribute to further polymerization. This 
may increase the bond strength results.21 Therefore, depending on the substrate-
adherend combination thermocycling does not necessarily decrease bond strength 
and age the substrate/adherend interface. 
Some clinical studies have described failures of laminate veneers bonded to existing 
restorations.4,6,7,29 Marginal defects or debonding were especially noticed at locations 
where the veneer ended in an existing composite filling. However, in those studies, 
the surfaces of the existing composites were not conditioned. Such risks could be 
diminished when laminates are cemented on preconditioned existing composite 32 33  32 33 
restorations.  Preconditioning  could  also  be  achieved  with  less  cumbersome 
methods  than  air-abrasion  methods,  for  instance,  by  using  functional  adhesion 
promoters based on MDP monomer. Promising results have been reported using 
the shear test even after 6,000 times thermocycles.38 With similar promoters in other 
studies, more adhesive failures in the shear test20 or even lower bond strengths 
with the microtensile test were reported than when silica coating and silanization 
were used.17 Based on the contradictory results, physicochemical activation33 of the 
surfaces could currently be recommended. The results of this study, however, need 
to be verified in situations where the enamel and/or dentin surrounds the existing 
composite restoration, which may contribute to further adhesion. 
CONCLUSION
Considering the bond values and the failure types, adhesion quality of indirect 
composite cemented to non-aged and aged resin composite was superior compared 
to pressed glass ceramic.
CLINICAL RELEVANCE
Aging of the substrate composites tends to diminish the adhesion quality. The 
indirect composite Estenia presented good adhesion on both aged and non-aged 
composites.
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ABSTRACT
objectives:  Existing  composite  restorations  on  teeth  are  often  remade  prior  to 
cementation of fixed-dental-prosthesis. The aim of this study was to evaluate the 
effect of static and cyclic loading on ceramic laminate veneers adhered to teeth with 
aged resin composite restorations.
materials and methods: Eighty sound maxillary incisors were collected and randomly 
divided into four groups: group 1: control group, no restorations; group 2: two Class 
III restorations; group 3: two Class IV restorations; group 4: complete composite 
substrate. Standard composite restorations were made using microhybrid resin 
composite (Anterior Shine). Restored teeth were subjected to thermocycling (6,000 
cycles). Window preparations were made on the labial surface of the teeth for ceramic 
laminate fabrication (Empress II). Teeth were conditioned using an etch-and-rinse 
system. Existing composite restorations representing the aged composites were 
silica-coated (CoJet) and silanized (ESPE-Sil). Ceramic laminates were cemented 
using a bis-GMA based cement (Variolink Veneer). The specimens were randomly 
divided into two groups and were subjected to either static (groups 1a, 2a, 3a, 4a) 
or cyclic loading (Groups 1b, 2b, 3b, 4b). Failure type and location after loading were 
classified. Data were analyzed using One-way ANOVA and Tukey`s test.
results: Significantly higher fracture strength was obtained in group 4 (330 ± 81 
N) compared to the controls in group 1 (179 ± 120 N) (one-way ANOVA, p < 0.05). 
Group 1b survived a lower mean number of cyclic loads (673x103 cycles) than teeth 
of groups 2b to 4b (846x103 to 873x103 cycles). Failure type evaluation after the 
fracture test showed predominantly adhesive failures between dentin and cement, 
but after cyclic loading, more cohesive fractures in the ceramic were seen.
conclusion:  Ceramic laminate veneers bonded to conditioned aged composite 
restorations provided favorable results. Surface conditioning of existing restorations 
may eliminate the necessity of removing aged composite restorations.
Keywords:  Biomimetics,  Cementation,  Ceramic  veneer,  Cyclic  loading,  Esthetic 
dentistry,  Glass  ceramic,  Laminate,  Resin  composite,  Silica  coating,  Surface 
conditioning.40 41  40 41 
INTRODUCTION
In  teeth  restored  with  multiple  discoloured  resin  composite  restorations,  the 
esthetics can be improved using a laminate veneer restoration. A minimum of tooth 
reduction is needed to provide sufficient space for the veneering material. Replacing 
the existing direct resin composite restorations by new restorations or removing 
them for indirect restorations has the disadvantage of removing sound tissues; there 
is also a risk of pulpal trauma. However, the main reasons for failure of laminates 
in  in-vivo  studies  are  fractures  of  the  ceramic  and  marginal  defects.1-3  Defects 
were especially noticed at the locations where the existing fillings were present. In 
such locations, severe marginal discoloration and caries was observed.1-3 In these 
studies, no surface conditioning of the existing restorations was performed to obtain 
adhesive bonding between the existing composite surface and the luting cement of 
the laminate veneer. 
With laminate veneer restorations, cementation is the key to long-term success, as 
they have only minimal mechanical retention.4-6 The strength and durability of the 
adhesion between the ceramic, the luting cement, and the enamel/dentin substrate 
play an important role in the outcome of ceramic veneers. Successful cementation 
increases the retention, the fracture resistance of the tooth and restoration, and 
reduces the incidence of microleakage.7-10 
The combination of hydrofluoric acid etching with a silane coupling agent seems to be 
superior for conditioning the intaglio surfaces of the glass-ceramic laminate veneers 
in comparison to other methods.8,11-17 It was even demonstrated that adhesion of 
resin cements on hydrofluoride acid-etched and silanized ceramics had a higher 
bond strength than the same luting cement bonded to enamel.6 This combination is 
stable after long-term water storage and thermocycling.8,11,12
Recent studies demonstrated that conditioning the composites with silica coating 
followed by silanization increases the bond strengths of resin-based materials to 
indirect composites when compared to acid etching and silanization or using air 
borne particle abrasion with alumina followed by silanization.7,18-24 The process of 
silanization promotes the wettability on the ceramic and composite surfaces and 
reacts with the silica surfaces to form covalent bonds.8,20
In the last twenty years, laminate veneers showed reliable adhesion to enamel 
and an acceptable bond to dentin in in-vivo studies.6,25,26 Bond strengths of luting 
composites to enamel reach 40 MPa, and sometimes even exceed the cohesive 
strength of enamel itself.29 It is not uncommon, particularly in the gingival third of 
a veneer preparation, for dentin to be exposed due to just a thin layer of enamel 
present at this site.6 The preparation and cementation procedure becomes more 
critical,  because  high  failure  rates  in  veneers  have  been  associated  with  large 
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exposed dentin surfaces.6 Similarly, resin-dentin bonding is more difficult to achieve 
than resin-enamel bonding.27 The etch and rinse procedure and self-etch (two-step) 
adhesives showed better adhesive values in the literature.28-30 The margins of Class 
III or Class IV restorations usually end in enamel, which is the golden standard in 
bonding.31 If a stable bond can be obtained by conditioning the existing restorations, 
fewer existing restorations have to be removed for indirect restorations.
The ISO 11450 standard indicates that thermocycling for 500 cycles in water between 
5°C and 55°C is an appropriate artificial aging method. A literature review by Gale 
et al.32 concluded that 10,000 cycles corresponds to one year in-vivo functioning. 
The ISO standard should be kept as a minimum number of cycles for artificial 
aging, because after about three months, all adhesives exhibited mechanical and 
morphological  evidence  of  degradation  in  in-vivo  aging.29  Chemically,  the  most 
important reactions in the adhesive layer are hydrolysis and plasticization of the 
resin components. Hydrolysis can break up the covalent bonds, which influences 
both the collagen fibrils and the resinous polymers.29,33 Plasticization is the process 
in which water can reduce the frictional forces between the polymer chains, which 
reduces the mechanical properties and causes the polymer to swell.19
Stability of the bonded joints as well as material durability can be tested using either 
static or cyclic loading. In general, stress applied to teeth and dental restorations 
is low, ranging from 5 to 20 MPa.34 Occasionally, a higher peak stress may occur 
during parafunctional movement, such as during maximum clenching, increasing this 
value to 100 MPa.35 Stresses in the mouth are usually repetitive, rather than being a 
single-impact load.36 Cyclic loading with clinically relevant testing parameters, such 
as an aqueous/electrolyte environment and a finite number of loading cycles, is 
considered to be a more feasible option for testing dental materials to simulate the 
clinical function.37
The objective of this study was to evaluate the fracture strength and cyclic loading 
effects  on  pressed  glass-ceramic  laminates  cemented  to  teeth  with  surface-
conditioned, aged existing resin composite restorations. The null hypothesis was 
that there would be no difference in the fracture strength and cyclic loading between 
the  control  group  and  the  porcelain  laminate  veneers  cemented  to  aged  resin 
composite restorations.
MATERIALS AND METHODS
The product name, type, manufacturer, chemical composition, and batch numbers 
of the materials used in this study are listed in Table 1. Experimental groups and 
number of specimens are schematically presented depending on the restoration 
configuration and testing method (Figure 1). 42 43  42 43 
SPECIMEN PREPARATION
Eighty human maxillary central incisors (coronal length: 8.5 to 11.5 mm; mesio-
distal width: 8 to 9.5 mm) without any restorations, endodontic treatment, caries or 
erosion were selected from a pool of recently extracted teeth. To determine that the 
enamel was free of cracks, all teeth were evaluated under blue light transillumination. 
The selected teeth were randomly divided into four groups. In the control group, 
no resin composite restoration was applied. In order to simulate clinical situations 
where laminates are cemented on various sizes of existing composite restorations, 
in groups 2, 3, and 4 standardized cavities were prepared and restorations were 
made using a microhybrid resin composite (Anterior Shine, Cavex; Haarlem, The 
Netherlands). In Group 2, Class III preparations with the dimensions of 3 mm x 3 
mm were made on the mesial and distal aspects. The preparations were placed in 
between the incisal and cementoenamel junction using diamond burs. At the cavity 
margin, a bevel preparation was made using ultrasonic burs. For Group 3, Class 
IV preparations were made on the mesial and distal incisal edge (length: 4 mm, 
width: 3 mm) using diamond burs. At the cavity margin, bevel preparations were 
made again using the ultrasonic burs. The specimens in Group 4 were duplicated 
using a high precision condensation silicone (Zhermack, Badia Polesine, Italy), after 
which preparations of 1.5 mm depth were made using a depth-cutting bur. With 
this technique, all specimens had the same thickness of a full buccal coverage of a 
direct resin composite restoration. 
After preparation of the specimens, a three-step adhesive bonding procedure was 
conducted 30 seconds etching (38% phosphoric acid, Ultradent; South Jordan, 
UT, USA), primer (quadrant Unibond Primer, Cavex), application of the adhesive 
(quadrant  Unibond  Sealer,  Cavex)  and  photopolymerization  (40  seconds).  The 
unpolymerized  microhybrid  composite  (Anterior  Shine,  Cavex),  representing  the 
existing restorations under the laminates, was packed into the cavities using hand 
instruments and photopolymerized incrementally in layers of not more than 2 mm 
thickness. 
Figure 1. Schematic presentation of the experimental groups depending on the restoration size 
and the testing methods employed.
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Each increment was polymerized with a halogen polymerization unit (Demetron LC, 
SDS Kerr, Orange, CA, USA) for 40 seconds from a distance of not more than 2 mm 
from the resin-composite surface. Light intensity was > 450 mW/cm2, as verified 
by a radiometer (Demetron LC, Kerr). After finishing the restorations using tungsten 
carbide burs and Soflex disks (3M ESPE; St Paul, MN, USA), all restorations were 
aged by submitting the specimens to thermocycling (Willytec; Gräfelfing, Germany) 
6,000 times, from 5ºC to 55ºC with a dwell time of 30 seconds, and a transfer time 
from one bath to the other of 5 seconds.
LAMINATE PREPARATIONS
Laminate  veneer  preparations  were  made  using  a  depth-cutting  bur  (0.7  mm) 
(Intensiv; Grancia, Swizerland) for standardized removal of tooth/composite substrate 
prior to laminate fabrication. After depth preparations were made, an equal amount 
of material was removed using diamond burs, and the laminate preparations were 
finished with a chamfered outline in enamel or composite. The preparation used was 
a window preparation. With this preparation type, adhesion of the laminate did not 
rely on mechanical retention as in the case of overlap preparations. Impressions of 
the laminate preparations were made using a silicon impression material. All pressed-
glass ceramic laminates (Empress II, Ivoclar Vivadent; Schaan, Liechtenstein) were 
fabricated in a standardized manner according to the manufacturer`s instructions by 
one dental technician.  
CEMENTATION
Before cementation, the aged composites representing existing restorations were 
silica coated (CoJet, 3M ESPE) for 15 seconds from a distance of 10 mm and silanized 
(ESPE-Sil, 3M ESPE). Enamel and dentin were etched with 35% H3PO4 (Ultra-etch, 
Ultradent) for 15 to 30 seconds, rinsed for 30 seconds, and adhesive (Excite, Ivoclar 
Vivadent) was applied on the enamel, dentin, and the existing restorations and 
photopolymerized for 20 seconds. The cementation surfaces of the laminates were 
conditioned  using  hydrofluoric  acid  (20  seconds)  (Ivoclar  Vivadent),  neutralized 
for 5 minutes (Ivoclar Vivadent), and silanized. All laminates were cemented with 
bis-GMA  cement  (Variolink  Veneer,  Ivoclar  Vivadent).  After  polymerization  for   
10  seconds,  excess  was  removed,  and  an  oxygen-inhibition  layer  (Variolink, 
Ivoclar Vivadent) was applied. Thereafter, the laminates were photopolymerized for   
40 seconds and embedded vertically up to 1 mm below the cementoenamel junction 
in polymethylmethacrylate. 
After cementation of the laminates, the specimens were randomly subdivided into 
two groups (n=10 per group). Half of the group was subjected to static fracture 
strength testing and the other half to cyclic loading. 
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TESTING METHOD
A fracture strength test was performed in groups 1a, 2a, 3a and 4a using a universal 
testing machine (Zwick ROELL X2.5MA. 18-1-3/7, Zwick, Ulm, Germany) (cross-
head speed: 1 mm/min) with a 137-degree angle representing the oral situation 
(Figure 2). The load cell was located at the incisal edge of the ceramic laminate. On 
each specimen, it was ensured that the tooth itself was not in contact with the load 
cell. Failure type and location after loading were analyzed both visually and from 
digital photographs by two observers (MG + MÖ).
For cyclic loading, the specimens of groups 1b, 2b, 3b and 4b were embedded in 
the epoxy resin (285, Schaller; Florence, Italy) and placed in a metallic base at a 
45-degree angle. Cyclic loading was applied under a constant load of 50 N at a 
frequency of 8 Hz for 1x106 cycles, simulating 5 years of clinical service.38 Cyclic 
loading did not contain simultaneous thermocycling.
STATISTICAL ANALySIS
Statistical  analysis  was  performed  using  Statistix  8.0  (Analytical  Software; 
Tallahassee, Fl, USA). The means of each group were analyzed by one-way ANOVA. 
Multiple comparisons were made using Tukey’s test. P values less than 0.05 were 
considered to be statistically significant in all tests. 
RESULTS
Significant differences were found between the mean fracture strength values (one-
way ANOVA, p < 0.05). The highest fracture strength was obtained in group 4a with 
the complete resin-composite substrate (330 ± 81 N) (p < 0.05). The control group 
(group 1a) without restorations presented significantly lower bond strength (179 ± 
120 N) than those of other groups (p < 0.05) (Figure 3). Teeth restored with Class III 
Figure 2. Representative 
specimen mounted in the jig of 
the universal testing machine 
in which the adhesive interface 
was submitted to static fracture 
loading.46 47  46 47 
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Figure 3. Mean fracture strengths (N) of pressed glass-ceramic laminates adhered to teeth with 
and without existing resin composite restorations.
and Class IV restorations (group 2a and 3a) showed higher mean fracture strength 
results than the control group, but the differences were not significant (p > 0.05). 
Failure type evaluation after the static fracture strength test mainly showed failures of 
the dentin/cement interface and tooth fractures (Table 2). In group 1a, predominantly 
total  debondings  and  failures  of  the  dentin/cement  interface  occurred.  Groups 
2a, 3a, and 4a showed more fractures of the teeth and ceramic. In groups 2a 
and 3a, remnants of the ceramic restoration were still present on the composite 
restorations. 
Cycling loading did not change the failure type. After cyclic loading, predominantly 
debondings and cohesive fractures within the ceramic were observed. In the cyclic 
loading test, 5 failures occurred in the control group (group 1b), of which 3 were 
cohesive in the ceramic and 2 were tooth fractures. Similarly, group 3b presented 
3 incidences of cohesive ceramic fractures (Figure 4). Groups containing existing 
restorations  did  not  present  more  tooth  or  root  fractures.  In  group  2b,  only  2 
complete adhesive failures were seen between the dentin and cement. The rest 
of the laminates were intact. Complete adhesive failures between the dentin and 
cement were observed twice in group 3b. A similar type of failure between the 
composite and the cement was observed once in group 4b (Table 2). While the 
mean number of cycles for the control group was 673 x 103, the other groups ranged 
from 847 x103 to 874 x 103 cycles (Table 3). 
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DISCUSSION
In  this  study,  ceramic  laminate  veneers  bonded  to  silica  coated  and  silanized, 
existing,  aged  composite  restorations  presented  higher  fracture  strengths  (255 
to  330  N)  than  the  veneers  adhered  to  enamel  and  dentin.  Therefore,  the  null 
hypothesis  was  rejected.  The  static  fracture  strength  test  may  represent  early 
clinical failures under impact forces, such as trauma events. In vitro tests employing 
the static compressive forces on a construction would help researchers to screen 
the performance of the materials or systems in a shorter period of time than required 
for fatigue tests. In fact, in the oral environment, dental materials are subjected to 
contact stresses under cyclic loading.39 In principle, it can be anticipated that fatigue 
loading in the form of cyclic or dynamic loading of ceramic material and the bonded 
interfaces would provide better understanding of failure in clinical use.40,41 Fatigue 
phenomena could be studied either by dynamic loading, where the magnititude of 
force is increased gradually until failure occurs, or cyclic loading, where a constant 
magnititude of force is applied on the material or the interface for a certain number 
of cycles. In this study, where cyclic loading was employed to test the effect of 
fatigue of the bonded ceramic laminate veneers, veneers bonded to sílica-coated 
and silanized, existing, aged composite restorations obtained better cyclic loading 
results (847 x 103 cycles to 870 x 103 cycles) than veneers adhered to enamel and 
dentin (673 x 103). The results of this study might have been otherwise if dynamic 
loading had been used. Nevertheless, based on the number of cycles that the 
laminates survived, coupled with the favorable failure types with fewer adhesive 
failures between the cement and the composite containing tooth surfaces, it can be 
stated that restoration replacement may not be necessary when ceramic laminates 
need to be bonded on existing composite restorations. A study by McCabe et al,42 
on the other hand, concluded that the dynamic stresses do not correlate with static 
strength tests. In spite of this, the cyclic loading results of the groups in this study 
showed a trend of outcomes similar to that of the fracture resistance. Groups 2 
groups 
(n=10)
mean number 
of resisted 
cycles
minimum
number of 
resisted cycles
maximum
number of 
resisted cycles
number 
of 
failures
1b (enamel-dentin) 672.820 100.000 1.000.000 5
2b (class ii) 846.920 0-100.000 1.000.000 2
3b (class iV) 873.920 0-100.000 1.000.000 5
4b (Full composite) 869.820 0-100.000 1.000.000 2
Table 3. Cyclic loading results of pressed glass-ceramic laminates adhered to teeth with and 
without existing resin composite restorations.48 49  48 49 
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to 4 obtained higher values of fracture strength 
and cyclic loading than group 1. In the failure 
analysis, however, differences between the tests 
were found. Cohesive fractures of the ceramic 
were more often observed in the cyclic loading 
test.
Clinically,  most  favorable  failure  type  would 
be cohesive fracture of the ceramic laminates. 
These fractures could be restored by intraoral 
repair options.43 When an aged resin composite 
substrate  was  present  on  the  cementation 
surface, fewer total debondings occurred. The 
failure  type  analysis  showed  that  adhesive 
failures  occurred  more  frequently  when  the 
substrate was dentin. In these specimens, the 
ceramic  remnants  were  still  present  on  sites 
where composite restorations and enamel was the substrate, indicating that the 
dentin substrate bonding was the weakest link (Figure 4). This is not supported by 
the in vivo studies in which failures were predominantly observed where existing 
restorations were present.3,31,44,45 However, since these studies did not perform any 
surface treatment on the aged resin composite restorations before cementing the 
laminate veneers, a direct comparison could not be made. Failure analysis of the 
cyclic loading did not show significant differences between the groups. The control 
group 1b had two catastrophic tooth failures, and group 4b had only one. 
With the introduction of silica coating to dental applications, it is possible to obtain 
an acceptable and stable bond to composite. In a study performed by Özcan et 
al,23  aged  composite  specimens  treated  with  the  silica  coating  system  showed 
significantly higher mean bond strengths (46 to 52 MPa) than specimens treated 
with phosphoric acid and adhesive only (16 to 25 MPa). In addition to surface 
treatment, the bond strength of indirect restorations to aged resin composites is 
partially dependent on the unconverted C=C double bonds. These double bonds 
can  contribute  to  the  adhesion  of  the  luting  cement  to  the  existing  composite 
restorations. With thermocycling of the resin composite restorations, a decrease 
of these double bonds could be expected. However, here a superficial layer of the 
composite was removed to mimic the clinical situation, and the surface of “deep” 
composite was used as substrate for adhesion.
In  this  study,  an  etch-and-rinse  bonding  system  (Excite)  was  used  to  achieve 
adhesion on enamel/dentin and the aged composite restorations, according to the 
manufacturer of the resin luting cement used. The HEMA component in the bonding 
Figure 4. Specimen failure of Group 
3a after fracture strength test. 
C= aged composite substrate, 
E= enamel substrate, 
D= dentin substrate.50 51  50 51 
agent provides good wettability of the dentin. Because the HEMA molecules are small 
enough, the monomer can penetrate deep into the dentin tubuli, and significantly 
higher  bond  strengths  were  obtained.40,46  Nonetheless,  dentin  adhesion  in  this 
study was the weakest link in the adhesive system. HEMA-containing adhesives 
absorb water in the polymerized and unpolymerized states, which may lead to 
dilution of the monomer.46 Hot water can accelerate hydrolysis of the dentin hybrid 
interface components, and the chemical process breaks covalent bonds between 
the polymers by addition of water to ester bonds. This hydrolytic degradation via 
initial nanoleakage formed water trees in the adhesive resin matrices, as described 
by Tay et al.47 resulted in the formation of water blisters over the adhesive layer. 
Repetitive contraction and expansion due to hot and cold water stresses may lead 
to cracks in the adhesive interface, which can lead to gap formation and percolation 
of the oral fluids.32 This may be one of the explanations why laminates bonded on 
dentin showed more adhesive failures after the static fracture strength test. It should 
be noted, however that group 1a presented high standard deviations in fracture 
strength values. This could be due to the variations in substrate properties, namely, 
although equal amounts of dental tissue were removed, some islands of enamel on 
the surface or at the cementoenamel junction might have led to this result. Similar 
observations have been noted elsewhere.48
In vivo studies reported higher rates of failure and problem development in laminate 
veneer  margins  ending  in  aged  resin  composite  restorations.3,31,44,45 I n  a  fi n i t e  
element  study  which  attempted  to  simulate  interdental  design  of  the  porcelain 
laminates bonded to teeth in the presence of existing composite fillings,45 It was 
concluded that the negative effect of the neighbouring composite fillings could be 
minimized by extending the veneer preparation over the existing restorations. This 
approach, however, requires more tissue removal. Based on the findings of this 
study, this approach may not be needed. In this context, a new technique was 
introduced recently, in which the sealing (bonding) of dentin was performed before 
impression taking for indirect restorations, so-called immediate dentin sealing.49 In 
this technique, the adhesive layer of the freshly cut dentin presented significantly 
better microtensile bond strength results (58 MPa) in comparison to delayed bonding 
results on dentin (12 MPa). Unfortunately, there is insufficient data on this method. 
In this study, complete resin composite substrate acted as a worst-case scenario. 
From this group, it became clear that failure types changed from debondings at the 
interface between the laminate and the dentin in the control group, to the cohesive 
failure of the composite or ceramic. This indicates increased fracture and fatigue 
strength in this experimental group. The adhesive failures of the dentin in this group 
were also less commonly observed. 
In this study, no attempt was made to simulate the periodontal ligament surrounding 
the roots of the teeth. Usually, a silicone layer is used as a shock absorbing layer 
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around the roots in order to simulate the periodontal ligament. Currently, there is no 
concensus in the dental literature about whether or not to simulate the periodontal 
ligament in in vitro studies. Recently, it was claimed that the periodontal ligament 
simulation approach may have some importance in fatigue studies, but not for static 
loading.50 Interestingly, however, more incidences of root fractures were experienced 
in this study after static loading (7 times) than after cyclic loading (3 times). This 
aspect needs further investigation to elucidate whether root fractures are associated 
with the absence of periodontal ligament simulation. In clinical studies, hardly any 
tooth fracture is reported due to laminate veneer treatment.2,6,26 Nevertheless, within 
the limits of this study, fracture strength test measurements also exceeded the bite 
forces reported in the oral environment of 155 to 200 N for the anterior region.51
In this study, an expansion of the boundaries of minimal invasive dentistry was 
explored.  However,  when  existing  restorations  are  not  in  good  condition,  eg, 
when discoloration or marginal staining is present, it is better to replace these 
restorations.  
CONCLUSION
From this study, the following can be concluded:
1. Ceramic laminate veneers bonded to surface-conditioned, existing, aged 
  composite restorations presented higher fracture strengths than those    
  adhered to enamel and dentin. 
2. Pretreatment of existing restorations may eliminate the necessity of removal of  
  aged composite restorations.
3. Cementation of laminates to surfaces containing aged composite and enamel  
  presented fewer adhesive failures than to dentin.
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ABSTRACT
objectives: This randomized, split-mouth clinical study evaluated the survival rate 
of direct laminate veneers made of two resin-composite materials. 
methods:  A total of 23 patients (mean age: 52.4 years old) received 96 direct 
composite laminate veneers using two micro-hybrid composites in combination 
with two adhesive resins (Ena-Bond-Enamel HFO: n=48, Clearfil SE Bond-Miris2: 
n=48). Enamel was selectively etched with 38% H3PO4 for 30 seconds, rinsed 30 
seconds and the corresponding adhesive resin was applied accordingly. Existing 
resin composite restorations in good conditions (small or big) were not removed but 
conditioned using silica coating (CoJet) and silanized (ESPE-Sil). Restorations were 
evaluated at baseline and thereafter every 6 months. Additional qualitative analysis 
was performed using modified USPHS criteria. 
results:  Median  observation  period  was  41.3  months.  Alltogether,  12  absolute 
failures were observed [survival rate: 87.5%] (Kaplan-Meier). The survival rates with 
the two resin composites did not show significant differences [Enamel HFO: 81.2%, 
Miris2: 93.8%] (p > 0.05). The presence of existing composite restorations on the 
prepared teeth did not affect the survival rate significantly (intact teeth: 100%, small 
restorations: 90.6%, large restorations: 82.7%) (p > 0.05). Surface roughness and 
marginal discoloration were the main qualitative deteriorations observed until the 
final recall. Secondary caries and endodontic complications did not occur in any of 
the teeth. 
conclusion: Early findings of this clinical study with the two micro-hybrid composite 
laminate  veneers  showed  statistically  similar  survival  rate  and  their  clinical 
performance was not significantly influenced when bonded onto intact teeth or onto 
teeth with existing restorations with the protocol applied.
Keywords: Esthetics, Adhesion, Clinical trial, Direct composite veneers, Existing 
composite restorations, Laminate veneer, Silica coating, Surface conditioning.58 59  58 59 
INTRODUCTION
Laminate veneers, made directly with resin composites or indirectly with ceramics, 
are indicated to restore hypoplastic enamel and/or dentin, fractured, malformed, 
malpositioned or discolored teeth since more than 20 years. Direct applications 
with resin composites are usually quick, inexpensive, and easy to repair compared 
to ceramic veneers and they can provide acceptable esthetic results. Both options 
are less invasive compared to full-coverage crowns. 
 
Survival rate of ceramic laminate veneers are predicted to be 90% after 10 years 
of clinical service.1 With direct resin composite laminate veneers, clinical studies 
showed limited longevity due to their susceptibility to staining, wear and fractures.2-4 
On  the  other  hand,  the  Cochrane  Collaboration  concluded  that  there  was  no 
evidence as to whether indirect laminate veneers perform better than direct ones.5
During  the  last  two  decades,  the  use  of  resin  composites  for  esthetic  restorative 
procedures  has  increased  owing  to  improvements  in  adhesive  systems  and  resin 
composite materials. With the total etch (three-step or etch-and-rinse) and two-step 
self-etch adhesives, acceptable adhesion to enamel and dentin could be achieved.6-8 
Bonding to enamel due to micro-mechanical interlocking of resin tags is still considered 
to be the gold standard where up to 40 MPa is achieved in in-vitro studies, sometimes 
even exceeding the cohesive strength of the enamel itself.6,9 The presence of enamel 
in restoration margins seals the margins and helps to protect the possible degradation 
of the resin bond to dentin.10 In-vitro studies do not always show consistent adhesion 
results to dentin when etch-and-rinse systems are used.10-12 The mixture of inorganic-
organic structure of dentin and the technique sensitivity of etch-and-rinse systems are 
considered to be possible reasons for these variations. After the introduction of more 
user friendly self-etch adhesive systems, similar bond strength results to etch-and-
rinse systems were reported for dentin.10,13 Regarding to adhesion to enamel, additional 
phosphoric acid etching is still advised in combination with self-etch systems.14 Among 
many self-etch adhesives, Clearfil SE Bond (Kuraray Dental, Tokyo, Japan) has been 
proven to yield reliable results both in-vitro and in-vivo.10,11
Direct or indirect laminate veneers are adhered to enamel, enamel/dentin, dentin 
or discoloured or aged existing resin composites in combination with surrounding 
enamel and/or dentin. Especially when such existing restorations are present on 
teeth without any symptoms of caries, the clinical dilemma as to whether or not to 
remove them. While removal often yields to inevitable sound dental tissue removal, 
leaving the restoration might impair the adhesion. In fact, recent in-vitro studies 
demonstrated  superior  composite-to-composite  bonding  after  conditioning  the 
underlying composites with silica coating followed by silanization compared to acid 
etching and silanization or using air borne particle abrasion with alumina followed by 
silanization.15-18 The process of silanization promotes the wettability of the adherent 
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and reacts with the silica particles, forming covalent bonds.17 However, the clinical 
performance of such conditioning methods on composites is not investigated to 
date. If a stable bond could be obtained by conditioning the existing restorations, 
less underlying restorations need to be removed. 
Owing to advancements in filler technologies, the fillers in resin composites changed 
from macro or micro particles to hybrid or micro-hybrid particles through which colour 
stability and strength of these materials are improved.19 Although clinical information 
is available with micro-filled composites up to 3 years,3,4 long-term clinical studies 
are not available with micro-hybrid composites using layering technique.20 
The objective of this study therefore was to evaluate the clinical performance of direct 
composite laminate veneers made of two micro-hybrid composites (Enamel Plus 
HFO and Miris2), bonded to either sound teeth or to teeth with existing composite 
restorations, in a randomized, split-mouth clinical trial using layering technique. The 
hypothesis tested were that a) both microhybrid resin composites with their bonding 
agents would function similar in the clinical situation and b) existing composite 
restorations would not decrease the survival rate of direct laminate veneers.
MATERIALS AND METHODS
STUDy DESIGN
The products, types, manufacturers, chemical compositions and batch numbers of 
the materials used in this study are listed in Table 1. 
In order to avoid possible noticeable differences in case of distinct levels of aging 
in the materials mainly due to discoloration, in the symmetric teeth, a modified split 
mouth design was employed where the central incisors received the same type of 
restoration. Randomization was based on the paired teeth and it was performed 
using the flip of a coin for the choice of the composite material. 
INCLUSION AND EXCLUSION CRITERIA
Between June-2007 and March-2009, a total of 23 patients with ages between 29 
and 84 years old (6 male, 17 female, mean age: 52.4) received 96 direct composite 
laminate veneers. Patients recruited for this study were referred from the surrounding 
local general dental practices. Before entering the trial, all patients were provided 
with an informed consent form approved by the ethical committee of the university 
institutional  review  board.  Information  was  given  to  each  patient  regarding  the 
alternative treatment options. The inclusion criteria employed comprised the following: 
all subjects were required to be at least 18 years old, able to read and sign the informed 
consent  document,  physically  and  psychologically  able  to  tolerate  conventional 
restorative procedures, having no active periodontal or pulpal diseases, having teeth 
ChaptEr 0462 63  62 63 
with good restorations, and willing to return for follow-up examinations as outlined by 
the investigators. Patients with uncontrolled parafunction or presenting unsufficient 
oral hygiene leading to caries lesions more than twice a year during the last two years 
were not included in this study. Non-vitality of the teeth was not an exclusion criteria.4
 
One operator (M.G.) placed all laminate veneers. Existing restorations of good quality, 
presenting no caries, ditching or marginal staining were not removed prior to tooth 
preparation. They were rated for their size; restorations, covering more than half of the 
labial surfaces, were considered as large and the others as small restorations.
TOOTH PREPARATION
Before tooth preparations, shade was determined for the two composites using their 
corresponding bio-chromatic shade guides under standard light conditions (6500 K, 
8 light intensity, Longlife, Aura, The Netherlands). Magnified loops (x4.2) (Examvision, 
Rotterdam, The Netherlands) were used for minimal preparations of approximately 0.1 
to 0.3 mm in the cervical and 0.3 to 0.6 mm in the incisal area, using tapered round-
ended diamond burs (no: 637, Dentsply Maillefer, Ballaigues, Switzerland). An incisal 
overlap of 1 mm was prepared in cases where translucency was required. All margins 
were placed supra-gingivally to maintain good periodontal health. At the cervical area, 
a light chamfer finish line was created and the preparation extended inter-proximally 
to hide restoration margins. All internal angles were smoothened to reduce stress 
concentration.
sequence of conditioning and application Protocol
1 Silica coating the existing composite restorations (5 seconds)
2 Selective acid etching of enamel (30 seconds) (38% H3PO4)
3 Rinsing 30 seconds
4 Silane application on the existing restorations (5 minutes)
5 Self-etching primer + Bonding (for Miris2) / Bonding (for Enamel Plus HFO)
6 Photo-polymerization 40 seconds
7 Incremental application of dentin shades (Photo-polymerization 40 seconds)
8 Incremental application of enamel shades (Photo-polymerization 40 seconds)
9 Occlusion and articulation control
10 Finishing and polishing the restorations
Table 2. The sequence of conditioning and application protocol for the direct resin composite 
laminate veneers.62 63  62 63 
DIRECT LAMINATE VENEERS
Two micro-hybrid layering resin composites (Enamel Plus HFO, Micerium S.p.A., 
Avegno, Italy and Miris2, Coltene Whaledent, Altstätten, Switzerland) were used 
randomly. After removal of the minimal required thickness from the labial surface for 
the composite material, all teeth to be veneered were isolated using a split-rubberdam 
technique. Contour strips (Contour-Strip, Ivoclar Vivadent, Schaan, Liechtenstein) 
were placed with the help of wedges interproximally to achieve a smooth restoration 
outline in the cervical area. Firstly, the existing restorations were silica coated (30 µm 
SiO2, CoJet-Sand, 3M ESPE AG, Seefeld, Germany) using an intraoral air-abrasion 
device (Dento-Prep, RØNVIG A/S, Daugaard, Denmark) at a pressure of 2.5 bar 
from a distance of approximately 10 mm for 5 seconds. Then, enamel was selectively 
etched with 38% H3PO4 (Ultra-etch, Ultradent, South Jordan, USA) for 30 seconds. 
After  rinsing  for  30  seconds  and  air-drying,  a  3-methacryloxypropyltrimethoxy 
silane coupling agent (MPS) (ESPE-Sil, 3M ESPE AG) was applied on the existing 
composite restorations and waited for its evaporation for 5 minutes.
The adhesive resins (Ena-Bond for Enamel Plus HFO, Clearfil SE Bond for Miris2) 
were applied with a microbrush according to each manufacturer’s instructions. At 
the cervical area, a dentin shade composite was applied using hand instruments. 
After photo-polymerization of this layer for 40 seconds, a second increment of 
enamel shade was applied at the incisal area and photo-polymerized.
When  the  complete  built  up  was  achieved,  restorations  were  contoured  using 
diamond  (no:  676,  Dentsply  Maillefer,  Ballaigues,  Switzerland)  and  steel  burs 
(no: 50, Komet, London, UK). Finally, silicon rubbers were used for finishing and 
polishing (Astropol FP, HP, Ivoclar Vivadent) at 7,500-10,000 rpm under water. The 
intercuspation was checked in protrusive movements of the mandible. Sequence of 
conditioning and application protocol is summarized in Table 2. The time spent for 
each restoration was also noted at the end of every session.
EVALUATION
Two calibrated observers who were blinded to the objective of this study performed 
the evaluations. Both observers evaluated the restorations independently, according 
to the modified United States Public Health Service (USPHS) criteria (Table 3). After 
data collection, in case of discrepancies in scoring, restorations were evaluated 
again, a consensus was reached and this was accepted as the final score. Caries, 
chipping, debonding, fracture and severe discoloration were considered as absolute 
failures. Restorations were evaluated at baseline and thereafter every 6 months. 
Patients were instructed to call upon any kind of failure. Also, digital photographs 
were made at baseline and follow-up sessions.
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category score criteria
adaptation 0
1
2
3
4
Smooth margin
All margins closed or possess minor voids or -defects 
(enamel exposed)
Obvious crevice at margin, dentin or base exposed
Debonded from one end
Debonded from both ends
color match 0
1
2
3
4
Very good color match 
Good color match 
Slight mismatch in color or shade 
Obvious mismatch, outside the normal range 
Gross mismatch 
marginal  
Discoloration
0
1
2
3
No discoloration evident
Slight staining, can be polished away
Obvious staining, cannot be polished away
Gross staining
surface  
roughness
0
1
2
3
Smooth surface
Slightly rough or pitted
Rough, cannot be refinished
Surface deeply pitted, irregular grooves
Fracture of
restoration
0
1
2
3
4
5
No fracture
Minor crack lines over restoration
Minor chippings of restoration (1/4 of restoration)
Moderate chippings of restoration (1/2 of restoration)
Severe chippings (3/4 restoration)
Debonding of restoration
Fracture of tooth 0
1
2
3
4
5
No fracture of tooth
Minor crack lines in tooth
Minor chippings of tooth (1/4 of crown)
Moderate chippings of tooth (1/2 of crown)
Crown fracture near cementum-enamel line
Crown-root fracture (extraction)
Wear of  
restoration
0
1
No wear
Wear
Wear of antagonist 0
1
No wear
Wear of antagonist
caries 0
1
No evidence of caries along the margin of the restoration 
Caries evident with the margin of the restoration 
Post-operative 
sensitivity
0
1
2
3
No symptoms 
Slight sensitivity 
Moderate sensitivity 
Severe pain 
Table 3. List of modified United States Public Health Service (USPHS) criteria used for the 
clinical evaluations of the restorations.64 65  64 65 
STATISTICAL ANALySIS 
Statistical analysis was performed using a statistical software program (SPSS 13.0; 
SPSS  Inc.,  Chicago,  IL,  USA).  Non-parametric  Breslow  (Generalized  Wilcoxon) 
and Kaplan-Meier, Log Rank (Mantel-Cox) statistical tests were used to obtain the 
cumulative survival rates in relation to observation time. P values less than 0.05 were 
considered to be statistically significant in all tests. 
RESULTS
In total, 7 recalls (every 6 months) were performed after baseline measurements and 
no drop-out was experienced yielding to the observation of 96 direct resin composite 
laminate veneers (Enamel Plus HFO: n=48; Miris2: n=48). Patients received laminate 
veneers  for  a  variety  of  reasons.  Indications  involved  restoration  of  discoloured 
composite restorations being the most common reason (n=50), restoration of worn 
teeth (n=13), replacement of existing veneers (n=4), and masking discoloured (n=17) 
or malformed (n=3) and/or misaligned teeth (n=9). The mean observation time was 
41.3 months with a minimum observation period of 25 months and maximum 45.7 
months. Average treatment time for each direct composite restoration was noted to 
be approximately 40 minutes which was comparable with the literature.21
Thirty-eight of the laminate veneers were on central incisors, 40 on lateral incisors, 
and 18 on canines in the maxilla. In total, 84 composite laminate veneers were 
bonded onto existing restorations of which 54 were large and 30 small restorations. 
A total of 12 absolute failures were observed in the form of debondings (Enamel Plus 
HFO: n=6), fractures (Miris2: n=2; Enamel Plus HFO: n=3) and severe discolorations 
(Miris2: n=1). Of the 6 debondings, while two of them were at the dentin-veneer 
interface, in the other 4, the existing restorations were partially fractured cohesively 
accompanied with adhesive failures at the dentin-veneer interface. All 4 fractures 
presented  partially  adhesive  failures  between  the  tooth  and  the  veneer.  Failed 
veneers were re-made employing the adhesive protocol used for Miris2.
Secondary caries and endodontic complications were not observed in any of the 
restored teeth. Six teeth showed slight post-operative sensitivity (Enamel Plus HFO: 
n=2; Miris2: n=4) that disappeared after 1 week. Surface roughness (Scores 2 and 
3) (Enamel Plus HFO: 1 out of 39, Miris2: 2 out of 45) and marginal discoloration 
(Scores 2 and 3) (Enamel Plus HFO: 0 out of 39, Miris2: 1 out of 45) were the main 
qualitative deteriorations observed until the final recall (Table 4). Representative 
failure types are presented in Figures 1a-d.
Overall, survival rate of the direct composite laminate veneers was 87.5%. The 
survival rates of the veneers with the two resin composites did not show significant 
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Figures 1a-d. Representative photos of some failures 
1a. Total adhesive failure between the 
composite laminate veneer (Enamel Plus 
HFO) and the tooth 23 
1d. Marginal and surface discoloration on 
teeth 11 (Miris2) and 12 (Enamel Plus HFO)
1b. Fracture of the composite laminate 
veneer (Enamel Plus HFO) accompanied 
with adhesive failure on tooth 22
1c. Rough surface of thethe composite on 
teeth 21 (Miris2) and 22 (Enamel Plus HFO)66 67  66 67 
BaseLine FinaL recaLL
criteria enamel Plus 
HFo
(n=48)
miris2
(n=48)
enamel Plus 
HFo
(n=39)
miris2
(n=45)
adaptation of  
restoration
0
1
2
3
4
47
1
-
-
-
46
2
-
-
-
35
3
1
-
-
36
8
1
-
-
color match 0
1
2
3
4
34
11
3
-
-
32
11
5
-
-
29
7
3
-
-
32
10
5
-
-
marginal  
Discoloration
0
1
2
3
48
-
-
-
48
-
-
-
29
10
-
-
33
11
1
-
surface  
roughness
0
1
2
3
44
4
-
-
47
1
-
-
26
12
1
-
25
18
2
-
Fracture of
restoration
0
1
2
3
4
5
48
-
-
-
-
-
48
-
-
-
-
-
36
1
2
-
-
-
43
1
1
-
-
-
Fracture of tooth 0
1
2
3
4
5
48
-
-
-
-
-
48
-
-
-
-
-
39
-
-
-
-
-
45
-
-
-
-
-
Wear of  
restoration
0
1
48
-
48
-
38
1
45
-
Wear of 
antagonist
0
1
48
-
48
-
39
-
45
-
caries 0
1
48
-
48
-
39
-
45
-
Post-operative 
sensitivity
0
1
2
3
44
2
-
-
46
4
-
-
39
-
-
-
45
-
-
-
Table 4. Summaries of USPHS evaluations at baseline and final follow-up for the two 
composites tested.
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differences [Enamel Plus HFO: 81.2%, Miris2: 93.8%] (p > 0.05) (Figure 2a). The 
presence of existing composite restorations on the prepared teeth did not affect 
the survival rate significantly (on intact teeth: 100%, on small restorations: 90.6%, 
on  large  restorations:  82.7%)  (p  >  0.05)  [Kaplan-Meier,  Log  Rank  (Mantel-Cox) 
(Cl=95%)] (Figure 2b). Hazard ratio could not be calculated due to the non-significant 
differences between groups.
DISCUSSION
The overall survival rate of the two micro-hybrid composites did not show significant 
differences and existing composite restorations did not decrease the survival rate 
of direct laminate veneers significantly in this clinical study, yielding to acceptance 
of both hypotheses. An analysis after a relatively short follow-up period, with mean 
observation period of 41.3 months, has certain limitations. Although 87.5% of the 
restorations did not need any intervention until the end of the observation period, which 
could be considered clinically acceptable, early failures observed in this study should 
be evaluated carefully. As adhesion plays an important role in the overall performance 
of composite restorations and especially with veneers where no mechanical retention 
exists, the durability of the adhesive interface is utmost important for the longevity 
of such restorations. The adhesive resin Ena-Bond was used for the Enamel Plus 
HFO as suggested by the manufacturer of this composite together with selective 
enamel etching. Also, for the two-step self-etch adhesive (Clearfil SE Bond) enamel 
was selectively etched for the Miris2 system. Six debondings with the Enamel Plus 
HFO composite could be attributed to the adhesive system used. In a recent in-vitro 
study, where a microtensile test was used, Ena-Bond delivered superior results with 
30 MPa compared to self-etch adhesives on dentin.12 In principle, this value should 
have been appropriate for stable bond. However, adhesive debondings observed 
in this study, do not correlate with the in-vitro findings. The debondings is usually a 
consequence of the degradation of the adhesive interfaces.8,10 Mainly water sorption 
is thought to destabilize the adhesive joints.9,17 This kind of degradation may have 
no clinical consequences in a longer duration for restorations where mechanical 
retention dominates. However, with laminate veneers, adhesion quality of interfaces 
directly affects the longevity of the whole restoration. Nevertheless, debondings 
observed in the Enamel Plus HFO composite applied cases indicates the weak link 
between the adhesive resin and the tooth substrate. 
In the case of existing composites, the tooth surface contains at least two types of 
substrates, namely enamel and/or dentin and the resin composite. The bond strength 
of the resin composite onto this mixed substrate is complex. The cohesive failure of 
the existing composite indicates that the strength of the adhesive joint exceeded 
the cohesive strength of the composite material. All 4 fractures were experienced 
with laminate veneers bonded onto the existing composites where adhesive failures 68 69  68 69 
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Figure 2a. Event-free survival rate of direct resin composite laminate veneers based on  
material (Enamel Plus HFO: 81.2%; n=48, events n=9 and Miris2: 93.8%; n=48, events n=3)
Figure 2b. Event-free survival rate of direct resin composite laminate veneers based on size of 
the existing restorations they were bonded onto; intact teeth (None), large and small restorations 
(None: 100%; n=12, events n=0; Big: 82.7%; n=54, events n=9; Small: 90.6%; n=30, events 
n=3).
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were observed between the tooth and the veneering composite. Part of the veneer 
composites however remained on the existing restorations but no cohesive failure in 
the existing composite was observed. Aged composite substrate pretreatment with 
silica coating and silanization delivered 46-52 MPa in an in-vitro study by Özcan et 
al. where microtensile test was used.18 These values surpass the dentin bonding and 
even the enamel bonding obtained with different adhesive promoters.7,13 In this study, 
tendencial more failures were observed with veneers bonded to existing restorations, 
yet being not significant from other groups. Therefore, a general statement cannot be 
made on the durability of composite-composite adhesion. Hydrolytic stability of the 
achieved bond between composites will be further clinically observed.
Surface roughness or marginal discolorations, when not objected by the patient, 
were not refinished and repolished during the study. Surface roughness change 
was observed in 1 case out of 39 with Enamel Plus HFO, and in 2 cases out of 45 
with Miris2. In some cases, increased surface roughness was also accompanied 
with discoloration of the composite surface. Roughness and discoloration may be 
caused by small air entrapments in the outer layer of the composite. In an in-vitro 
study where the specular gloss and surface roughness was measured before and 
after artificial aging, Enamel Plus HFO showed minor and Miris2 moderate surface 
roughness.23 In the same study, Enamel Plus HFO perceived a higher gloss than the 
natural tooth and Miris2 was ranked below the natural tooth after aging procedures. 
The differences between the materials were attributed to differences in the type 
of fillers; Enamel Plus HFO contains inorganic fillers and Miris2 glass fillers. The 
increased filler content changes the handling properties and the material becomes 
stiffer. Hence, voids and gaps could occur during layering. Shrinkage of the materials 
itself can also affect the matrix-filler interfaces.24 Incomplete or non-uniform silane 
bonding or the degradation of the silane around the filler particles due to local 
shrinkage and hydrolysis may result in separation of the fillers from the resin matrix 
causing porosities along the filler interfaces.22 Consequently, surface porosity could 
increase by time. In a recent study, SEM images of Enamel Plus HFO presented 
very homogeneous distribution of fine milled submicron glass fillers, with good 
integration into the surrounding resin matrix but in contrast to Enamel Plus HFO, 
more small voids were detected in the resin matrix with Miris2.23 Limited number of 
USPHS Scores 2 and 3 for surface roughness and marginal disclolorations cannot 
verify the findings of in-vitro studies. Slightly more frequent Score 1 was observed 
with Miris2 for marginal discoloration and surface roughness as opposed to Enamel 
Plus  HFO.  These  scores  are  considered  clinically  acceptable  restorations  that 
require no intervention according to USPHS criteria. Based on these current results, 
observations of a previous in-vitro study could be confirmed.23  
In a clinical study by Welbury in 1991, 289 micro-filled resin composite laminate 
veneers were placed and followed up to 3 years.3 Failures were experienced most 70 71  70 71 
frequently due to hard food consumption or bruxism. The most experienced failure 
types were partial or complete loss of veneers, adhesive failures, marginal staining 
and poor esthetics. No signs of abrasive wear were seen. The major deficiencies 
of the composites used in 1980ies have been overcome by hybrid composites with 
higher volume filler fraction that allows for reduction of monomers and shrinkage.19,25 
The  combination  of  silica  and  glass  particles  (<1-10  µm)  increases  the  wear 
resistance and the modulus of elasticity of composite with which increased flexural 
strength could be obtained. In comparison to the micro-filled composites, hybrid or 
micro-hybrid composites are more difficult to polish. Nevertheless, the number of 
incidences with unacceptable surface roughness was limited in this study.
 
In a 2.5-year clinical study, Meijering et al. reported an overall survival rate of 78% 
for micro-fine direct composites and 94% for porcelain veneers.4 These failures 
involved both relative and absolute failures. In that study, only 6% of the direct 
resin composite restorations had absolute failures. In previous clinical studies, it 
was not reported whether the restorations were bonded to existing restorations 
or not.3,4 Nonetheless, qualitative observations seem to be similar regardless of 
the variations in the compositions of resin composites used. Other clinical studies 
on anterior composite restorations reported 60 to 80% acceptable Class III and V 
restorations after 5 years of clinical service.26-29 The main reasons for replacement 
of these restorations were again mainly surface discoloration followed by secondary 
caries and/or fracture of the restoration. Similarly, the major reason for the indication 
of direct laminate veneers was restoration of discoloured composites that could 
still be considered as a common problem of resin composites regardless of the 
improvements in their chemistry.
 
Besides the physico-chemical properties of resin-based materials and the performance 
of  adhesive  promoters,  application  mode,  handling,  modeling  of  such  materials 
especially in the esthetic zone requires a long learning curve and training. Dental 
practitioners should be aware of the applications and limitations of the various resin-
based restorative materials. The clinician who applied these restorations has a clinical 
experience of 5 years. Future clinical studies should consider the material properties 
as well as the experience of the clinician on the survival of such restorations.
CONCLUSION
From this clinical study, the following could be concluded: 
1. Clinical performance of the direct composite laminate veneers with the tested  
  two micro-hybrid composites (Enamel Plus HFO versus Miris2) together    
  with their bonding agents did not show significant differences with an    
  overall survival rate of 87.5% up to maximum 45.7 months. 
2. The presence of existing composite restorations on the prepared teeth did not  
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  affect the survival rates of the composite laminate veneers significantly    
  during the observation period.
3. Besides absolute failures, surface roughness and marginal discoloration were the   
  common relative failures observed. 
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ABSTRACT
objectives: To evaluate the survival rate of ceramic laminate veneers bonded to 
teeth with and without existing composite restorations. 
materials  and  methods:  A  total  of  20  patients  (mean  age:  49.7)  received  92 
feldspathic ceramic laminate veneers (Shofu Vintage AL, Shofu) on the maxillary 
teeth (intact teeth: n=26; teeth with existing composite restorations: n=66). Window 
preparations  with  incisal  overlap  were  made  and  existing  restorations  of  good 
quality were not removed but conditioned using silica coating (CoJet, 3M ESPE) and 
silanization (ESPE-Sil, 3M ESPE). Enamel and dentin were etched with 38% H3PO4 
for 15-30 seconds, rinsed 30 seconds, adhesive resin (Excite, Ivoclar Vivadent) 
was applied and laminate veneers were then cemented (Variolink Veneer, Ivoclar 
Vivadent). Restorations were evaluated at baseline and thereafter every 6 months 
using modified USPHS criteria. 
results: Median observation period was 21.6 months. Altogether, 5 absolute failures 
were encountered (fractures: n=3; chipping: n=1; debonding: n=1). Overall survival 
rate was 94.6% (Kaplan-Meier). The survival rates of the ceramic laminates bonded 
to teeth without (96.0%) and with existing resin composite restorations (93.5%) 
did not show significant differences (p > 0.05). In addition to the absolute failures, 
minor adaptation defects (16 of 87 laminates) and slight staining at the margins were 
noted (12 of 87 laminates) until the final recall. Secondary caries and endodontic 
complications did not occur in any of the teeth. 
conclusion: The clinical survival of ceramic laminate veneers up to 40 months was 
not significantly influenced when they were bonded onto intact teeth or onto teeth 
with existing restorations with the protocol applied. 
Keywords: Adhesion, Clinical trial, Existing restorations, Ceramic Laminate veneers, 
Surface conditioning.78 79  78 79 
INTRODUCTION
Laminate ceramic veneers are minimal invasive treatment options in reconstructive 
dentistry as opposed to metal-ceramic or all-ceramic full coverage crowns. Since 
their retention relies solely on adhesion, durable adhesion of resin luting cements 
to both the enamel/dentin and the cementation surface of the ceramic is crucial. 
Luting cements show reliable adhesion1-3 with bond strengths up to 40 MPa on 
enamel.4 Also, etching the intaglio of glass ceramic veneers with hydrofluoric acid 
followed by silane coupling agent application delivers bond strength values similar 
to or higher than to enamel.5-12 Even after long-term water storage and thermocycling 
aging conditions, promising results were reported with resin-ceramic adhesion.7,9,12
Ceramic laminates are indicated not only to restore malformed, malpositioned or 
discolored teeth where the main substrate is the enamel and/or dentin, but also in 
situations with pre-existing resin composite restorations. In cases without caries, 
or severe marginal or surface changes, removal of such restorations may not be 
necessary.  On  the  other  hand,  degradation  of  polymers  in  the  aggressive  oral 
environment may decrease the free radicals available on the resin surface which 
may  eventually  decrease  the  adhesion  of  resin  cements  to  such  composites.13 
However, limited information is available on the survival of ceramic laminates on 
such existing composite restorations where mainly fractures and marginal defects 
were reported.3,14 Defects were especially noticed at the locations where the existing 
fillings  were  present.14 In fact, today advances in surface conditioning methods 
and adhesion promoters enable durable composite-composite adhesion. Among 
numerous other methods, several studies reported increased composite-composite 
bond strengths after conditioning the composites with alumina or alumina coated 
silica particles followed by silanization.15-18 The process of silanization promotes 
the wettability of the substrates and further reacts with the glass particles present 
on the composite surface forming covalent bonds.7,19 Adhesion to previously aged 
composites simulating the clinical situation, composite-composite bond strength 
after silica coating and silanization (46-52 MPa) was reported to be significantly 
higher than conditioning the composite substrate with phosphoric acid and adhesive 
resin application only (16-25 MPa).18
Unfortunately, the previous clinical studies did not report on the application of any 
surface conditioning method prior to cementation of ceramic laminates.3,14 In clinical 
practice, the clinical dilemma is whether or not to remove the existing composite 
restorations without caries and with minor surface degradation that could be re-
finished and re-polished. Alternatively, full-coverage crowns are indicated on teeth 
with  large  composite  restorations  that  require  more  tissue  removal  yielding  to 
preparations in dentin that is a substrate less favourable than enamel.20-22 
The objective of this prospective clinical study was to evaluate the performance 
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of  ceramic  laminate  veneers  bonded  onto  either  intact  teeth  or  to  teeth  with 
existing composite restorations without caries, ditching or marginal staining. The 
null hypothesis tested was that the presence of existing composite restorations 
does not decrease the survival rate of ceramic laminate veneers compared to those 
bonded onto intact teeth.
MATERIAL AND METHODS
PATIENT INCLUSION/EXCLUSION CRITERIA
Between June-2007 and June-2010, twenty consecutively recruited patients (15 
female, 5 male; mean age 49.7 years, range: 19-70 years old) who needed indirect 
ceramic laminate veneer restorations and met the inclusion criteria, were included 
in this study. Patients recruited for this study were referred from the regional local 
general practices. Before entering the trial, all patients provided informed consent. 
The  ethical  committee  of  the  university  institutional  review  board  approved  the 
study. Information was given to each patient regarding the alternative treatment 
options. The inclusion criteria comprised the following: all subjects were required 
to be at least 18 years old, able to read and sign the informed consent document, 
physically and psychologically able to tolerate conventional restorative procedures, 
having no active periodontal or pulpal diseases, having teeth with good restorations, 
and willing to return for follow-up examinations as outlined by the investigators. 
Patients with a history of parafunctional habits were not excluded but a splint was 
provided after cementation of restorations. Existing composite restorations of good 
quality, presenting no visible caries, ditching or marginal staining were not removed 
prior to tooth preparation. They were rated for their size; restorations covering more 
than half of the labial surfaces were considered as large and the others as medium 
and small restorations. Non-vital teeth were not excluded from the study.
CASE SET-UP
Prior to treatment with ceramic laminate veneers, gingival corrections, bleaching 
or  alignment  corrections  were  made  through  orthodontics  where  necessary. 
Esthetic evaluations were made using digital photos, plaster cast models mounted 
on an articulator after using face-bow registrations. Shade was determined under 
standard conditions (6500 K, 8 light intensity, Longlife, Aura, The Netherlands) at 
the dental laboratory. A wax set-up was made on the die model using the mock-up 
technique.23,24 The set-up was used to communicate on the correction of the shape 
and position of the teeth and also to evaluate the patient’s expectations. Only after 
patient’s approval of the mock-up, preparations were made. 
TOOTH PREPARATION
Magnified loops (x4.2) (Examvision, Rotterdam, The Netherlands) and a magnifying 
microscope (x3.4 - 21.3) (Opmipico, Zeiss, Sliedrecht, The Netherlands) were used 
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sequence of conditioning the tooth/restoration
1 Cleaning the tooth/restoration surface with fluoride-free pumice
2 Silica coating the existing composite restorations (5 seconds)
3 Acid etching enamel (30 seconds) and dentin (10-15 seconds) (38% H3PO4)
4 Rinsing 30 seconds
5 Silane (ESPE-Sil) application on the existing restorations (5 minutes)
6  Adhesive resin (Excite) application and air-thinning
7 No photo-polymerization
8 Placing the laminate
Table 2a. The Sequence of Conditioning Protocol of the Tooth/Restoration
sequence of conditioning and application protocol for the ceramic laminate  
veneers
1 Hydrofluoric acid etching (1 minute)
2 Rinsing with copious water (1 minute)
3 Ultrasonic cleaning in distilled water (5 minutes)
4 Silane coupling agent application + waiting for its evaporation (1 minute)
5 Adhesive application (no photo-polymerization)
6 Cement application on the cementation surface of the laminates
7 Placement of veneer onto the tooth
8 Photo-polymerization (3 seconds)
9 Removal of excess of cement
10 Glycerine gel application and photo-polymerization at buccal, oral, proximal sides 
(40 seconds each)
Table 2b. The sequence of conditioning and application protocol for the ceramic laminate 
veneer.82 83  82 83 
for minimal preparations. Ball-shaped diamond burs (no: 676, Dentsply Maillefer, 
Ballaigues, Switzerland) were used to mark preparation depths through the set-
up. The labial surfaces were reduced axially by 0.3-0.5 mm. Tapered round-ended 
diamond burs were used for uniform preparations. A right-angled (butt joint) incisal 
overlap of 1-1.5 mm was prepared in all cases to achieve space for translucency. At 
the cervical area, a shallow chamfer finish line (0.5 mm) was created epi- or supra-
gingival to maintain good periodontal health. A light chamfered marginal finish line 
extended inter-proximally to hide the restoration margins. 
All internal angles were smoothed to reduce stress concentration. Impressions were 
then made using a polyether impression material (Impregum, 3M ESPE, St. Paul, 
MN, USA). Temporary veneers were made chair-side using an auto-polymerized 
composite restorative material (Structur SC, Voco, Cuxhaven, Germany). For the 
fixation of the temporary veneers, enamel was spot etched with 38% phosphoric 
acid (Ultra-Etch, Ultradent, South Jordan, UT, USA) for 30 seconds.
ADHESIVE CEMENTATION
One dental technician fabricated the ceramic veneers using die cast feldspathic 
material (Shofu Vintage AL, Shofu, Kyoto, Japan). The form, adaptation and shade 
match of the restorations were checked. The colour of the cement to be chosen 
was determined using try-in pastes (Variolink Veneer Try-in Paste, Ivoclar Vivadent, 
Schaan, Liechtenstein). 
The main materials used in this study are summarized in Table 1. Sequence of adhesive 
procedures is presented in Tables 2a-b. After cleaning the cementation surfaces of 
the laminates with 99% isopropanol, they were etched with 4.9% hydrofluoric acid 
(IPS Ceramic etching gel, Ivoclar Vivadent) for 1 minute, washed thoroughly for 1 
minute and dried with oil-free compressed air. Etching with hydrofluoric acid leaves 
a significant amount of crystalline debris precipitate at the ceramic surface.25 For 
this reason, laminates were ultrasonically cleaned in distilled water for 5 minutes. 
Thereafter, the cementation surfaces were silanized (Monobond S, Ivoclar Vivadent) 
and waited for its reaction for 1 minute. After silanization, adhesive resin (Excite, 
Ivoclar Vivadent) was applied, air-thinned but not polymerized.
All teeth to be veneered were isolated using a split-rubberdam technique. Contour 
strips  (Contour-Strip,  Ivoclar  Vivadent)  were  placed  with  the  help  of  wedges 
interproximally to perform a smooth restoration outline in the cervical area. The 
prepared teeth were first cleaned with fluoride-free pumice (Pumice Flour, Dux, 
Utrecht,  The  Netherlands)  using  a  polishing  brush  (Polishing  brush,  Coltene 
Whaledent, Altstatten, Switzerland).
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Firstly, the existing composite restorations were silica coated (30 µm SiO2, CoJet-
Sand, 3M ESPE AG) using an intraoral air-abrasion device (Dento-Prep, RØNVIG 
A/S, Daugaard, Denmark) at a pressure of 2.5 bar from a distance of approximately 
10 mm for 5 seconds. Then, enamel and dentin were etched with 38% H3PO4 (Ultra-
etch, Ultradent, South Jordan, USA) for 15-30 seconds. After rinsing for 30 seconds 
and  air-drying,  a  3-methacryloxypropyltrimethoxy  silane  coupling  agent  (MPS) 
(ESPE-Sil, 3M ESPE AG) was applied on the existing composite restorations and 
waited for its evaporation for 5 minutes. The adhesive resin (Excite, Ivoclar Vivadent) 
was then applied on both the tooth and the restoration surfaces with a microbrush 
for 15 seconds, air-thinned but not polymerized.
Laminates were cemented using a photo-polymerized luting cement (Variolink Veneer, 
Ivoclar Vivadent). Cement was applied to the inner surfaces of the laminates. After 
placement, initially, they were photo-polymerized (Bluephase, Ivoclar Vivadent) for 
only 3 seconds at the buccal surface to ensure stabilization of the veneer. The light 
output was at least 800 mW/cm2 in all applications. Gross excess cement at the 
margins was removed immediately with the aid of brushes, scalers and dental floss 
(Oral-B, Rotterdam, The Netherlands). Application of glycerine gel (Liquid-Strip, Ivoclar 
Vivadent) at the margins ensured oxygen inhibition during polymerization. Buccal, oral, 
and proximal surfaces were further polymerized for 40 seconds each. After rinsing 
the glycerine gel, excess cement was removed with hand-instruments and finishing 
burs. Restoration margins were further polished with silicone polishers (Astropol FP, 
HP, Ivoclar Vivadent) and interproximal polishing strips (Soft-Lex Finishing Strips, 3M 
ESPE) at 7,500-10,000 rpm under water. One clinician (M.G.) placed the restorations. 
Finally, the occlusion was checked in protrusive movements of the mandible. The time 
spent for the restoration was also recorded at the end of each session.
EVALUATION
Restorations  were  evaluated  at  baseline  and  thereafter  every  6  months  by  two 
calibrated  observers  who  were  blinded  to  the  objective  of  this  study.  Caries, 
debonding, chipping and fracture were considered as absolute failures. Patients 
were also questioned about possible post-operative complaints. Both observers 
evaluated the restorations independently, according to the modified United States 
Public  Health  Service  (USPHS)  criteria  (Table  3).  The  restorations  were  visually 
inspected with dental mirror and probe. After data collection, in case of discrepancies 
in scoring, restorations were evaluated again, a consensus was reached and this 
was accepted as the final score. Patients were instructed to call upon any kind of 
failure. Digital photos were made after placement of the veneers and during follow-
up sessions. 84 85  84 85 
category score criteria
adaptation 0
1
2
3
4
Smooth margin
All margins closed or possess minor voids or -defects 
(enamel exposed)
Obvious crevice at margin, dentin or base exposed
Debonded from one end
Debonded from both ends
color match 0
1
2
3
4
Very good color match 
Good color match 
Slight mismatch in color or shade 
Obvious mismatch, outside the normal range 
Gross mismatch 
marginal  
Discoloration
0
1
2
3
No discoloration evident
Slight staining, can be polished away
Obvious staining, cannot be polished away
Gross staining
surface  
roughness
0
1
2
3
Smooth surface
Slightly rough or pitted
Rough, cannot be refinished
Surface deeply pitted, irregular grooves
Fracture of
restoration
0
1
2
3
4
5
No fracture
Minor crack lines over restoration
Minor chippings of restoration (1/4 of restoration)
Moderate chippings of restoration (1/2 of restoration)
Severe chippings (3/4 restoration)
Debonding of restoration
Fracture of tooth 0
1
2
3
4
5
No fracture of tooth
Minor crack lines in tooth
Minor chippings of tooth (1/4 of crown)
Moderate chippings of tooth (1/2 of crown)
Crown fracture near cementum-enamel line
Crown-root fracture (extraction)
Wear of  
restoration
0
1
No wear
Wear
Wear of antagonist 0
1
No wear
Wear of antagonist
caries 0
1
No evidence of caries along the margin of the restoration 
Caries evident with the margin of the restoration 
Post-operative 
sensitivity
0
1
2
3
No symptoms 
Slight sensitivity 
Moderate sensitivity 
Severe pain 
Table 3. List of modified United States Public Health Service (USPHS) criteria used for the 
clinical evaluations of the restorations.
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STATISTICAL METHODS
Survival analyses were performed with statistical software program (SPSS 13.0; 
SPSS Inc, Chicago, IL, USA) using Kaplan-Meier and Log Rank (Mantel-Cox) tests 
to obtain the cumulative survival rates in relation to observation time. P values less 
than 0.05 were considered to be statistically significant in all tests. Power analysis 
was performed using a statistical software package (Stata, StataCorp, Texas, USA) 
for two-sample comparison of survivor functions (Log-rank, Freedman).
RESULTS
In total, 5 recalls were performed after baseline measurements and no drop-out 
was experienced yielding to the evaluation of 92 ceramic laminate veneers. The 
median observation time was 21.6 months with a minimum observation period of 
7 months and maximum 40 months. Of these 92 laminate veneers, while 26 of 
them were cemented onto intact teeth, 66 veneers were cemented onto teeth with 
existing composite restorations. The distribution of their locations in the maxilla 
was as follows: 35 on central incisors, 36 on lateral incisors, and 21 on canines. 
Of the 66 laminate veneers bonded onto teeth with existing restorations, 7 were 
large, 17 medium, and 42 were small restorations. Average treatment time for each 
Figure 1. Event-free survival rates of ceramic laminate veneers based on the substrate They 
were bonded onto (Intact tooth without composite restorations: 96.0%; n=25, events n=1; with 
existing restorations: 93.5%; n=62, events n=4).86 87  86 87 
Figures 2a-e. Representative photos of some failures
2a. Adhesively debonded laminate 
from tooth 12. note that no resin 
cement was left adhered on the 
tooth that had small existing resin 
composites on mesial and distal sides 
2b. Cohesive chipping of the laminate 
at the incisal edge of the ceramic on 
tooth 23 that was bonded to tooth only 
2d. Fracture of the laminate veneer 
on tooth 12 due to trauma that failed 
adhesively between the tooth and the 
luting cement and partially cohesively 
within the ceramic. part of the ceramic 
laminate was left adhered where an 
existing composite was present and 
the other part was debonded from the 
dentin surface
2e. Multiple cracklines visible before 
fracture on laminate veneer bonded 
to tooth 11 without any existing 
restorations
2c. Cervical fracture of the laminate 
veneer on tooth 21. it was bonded to 
large existing composite restorations 
on the mesial and distal sides of the 
tooth. the detached fragment was 
adhesively debonded with no luting 
cement adhered on the dentin 
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BaseLine FinaL recaLL
criteria Without  
Restorations
(n=26)
With  
restorations
(n=66)
Without  
Restorations
(n=25)
With  
restorations
(n=62)
adaptation of  
restoration
0
1
2
3
4
26
-
-
-
-
66
-
-
-
-
23
2
-
-
-
48
14
-
-
-
color match 0
1
2
3
4
26
-
-
-
-
66
-
-
-
-
25
-
-
-
-
61
1
-
-
-
marginal  
Discoloration
0
1
2
3
26
-
-
-
66
-
-
-
20
5
-
-
55
6
1
-
surface  
roughness
0
1
2
3
26
-
-
-
66
-
-
-
25
-
-
-
62
-
-
-
Fracture of
restoration
0
1
2
3
4
5
26
-
-
-
-
-
66
-
-
-
-
-
24
-
-
-
-
-
59
-
-
-
-
-
Fracture of tooth 0
1
2
3
4
5
26
-
-
-
-
-
66
-
-
-
-
-
26
-
-
-
-
-
62
-
-
-
-
-
Wear of  
restoration
0
1
26
-
66
-
26
-
62
-
Wear of 
antagonist
0
1
26
-
66
-
26
-
62
-
caries 0
1
26
-
66
-
26
-
62
-
Post-operative 
sensitivity
0
1
2
3
26
-
-
-
66
-
-
-
26
-
-
-
60
2
-
-
Table 4. Summaries of USPHS evaluations at baseline and final follow-up for the ceramic 
laminates.88 89 
restoration was noted to be approximately 130 minutes. Three patients received 
occlusal splints after cementation.
Overall survival rate was 94.6% (Kaplan-Meier). The survival rates of the ceramic 
laminates  bonded  to  teeth  without  (96.0%)  and  with  existing  resin  composite 
restorations (93.5%) did not show significant differences (p > 0.05) [Kaplan-Meier, 
Log Rank (Mantel-Cox) (Cl=95%)] (Figure 1). Also, the size of the existing composite 
did not significantly affect the survival rate (p > 0.05). Hazard ratios could not be 
calculated due to non-significant differences between the groups. The power of the 
study was calculated to be 97%.
A total of 5 absolute failures were observed in the form of debonding (n=1), chipping 
(n=1) and fractures (n=3). The debonding was a complete adhesive failure between 
the tooth and the luting cement, which occurred 3 months after cementation. On 
both mesial and distal sides of the tooth (12) there were small existing composite 
restorations. After cleaning the cementation surface, the debonded veneer was re-
cemented using the same adhesive protocol. The chipping was a cohesive failure 
in  the  ceramic  at  the  incisal  edge  that  occurred  18  months  after  cementation. 
The laminate veneer was bonded to tooth 23 that had no existing restorations. It 
was replaced with a new laminate veneer of the same kind. One of the fractures 
occurred at the cervical area of a laminate veneer on tooth 21 that had large existing 
composite restorations on the mesial and distal sides, 8 months after placement. 
The detached fragment was debonded in an adhesive fashion with no luting cement 
adhered on the dentin. Patient reported that he bit on a cherry seed. The second 
laminate fracture was experienced on tooth 12, 38 months after cementation. It 
was fractured into two pieces. While one half was left attached on an existing 
composite restoration on the mesial side of the tooth, the other half was debonded 
adhesively from the dentin surface. The third laminate fracture presented itself with 
crack lines on tooth 11 with an existing restoration at the mesial side, 4 months after 
cementation. All 5 failures were experienced in laminate veneers bonded to vital 
teeth. Representative failure types are presented in Figures. 2a-e.
In addition to the absolute failures, minor voids and defects on 16 of 87 laminates 
(USPHS criteria, Adaptation-Score 1) and slight staining at the margins were noted 
on 11 of 87 laminates (USPHS criteria, Marginal discoloration-Scores 1 and 2) until 
the final recall (Table 4). Secondary caries, endodontic complications or wear of the 
antagonist were not observed in any of the cases. 
In  total  20  teeth  showed  post-operative  sensitivity  at  baseline.  Eighteen  of  them 
disappeared  after  2  weeks.  The  other  two  cases  showed  slight  sensitivity  to  cold 
beverages  after  22  and  24  months,  respectively  but  patients  did  not  want  any 
intervention. 
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DISCUSSION
This prospective clinical study evaluated the performance of ceramic laminate veneers 
bonded onto maxillary teeth with and without existing composite restorations. Since 
the survival rates of the ceramic laminates bonded to teeth without (96.0%) and with 
existing resin composite restorations (93.5%) did not show significant differences, 
hence, the null hypothesis could not be rejected. The results obtained after a relatively 
short follow-up period of time, with mean observation period of 21.6 months, should 
be evaluated with caution. Overall 94.6% of the restorations required no intervention 
until the final follow up, which could be considered clinically acceptable. However, 
early failures observed in this study could be helpful in understanding possible failure 
mechanisms. In previous studies, ceramic laminate veneers (IPS Empress) showed 
survival rates of 97%26 and 94%3 after 5 and 12 years, respectively where preparation 
margins were in enamel. Survival rates based on 10-year results presented overall 
survival rate of 90%. The most common failure type was reported to be fractures. 
Although the number of absolute failures was limited, similar to these studies, in this 
study 3 fractures and 1 chipping were observed. 
Different factors are responsible for crack development in ceramic restorations of 
all forms. The greatest shortcoming of ceramic materials is their low ductility that is 
an inherent problem yielding to crack formation.27 Also, polymerization shrinkage of 
the luting composite may create stress concentrations at the adhesive interface.28 
In one of the fractures, crack lines were visible but the ceramics was cohesively 
fractured without detachment from the tooth or the resin composite surface. Such 
a failure was observed after 4 months. The reason for such failures could be due 
to the polymerization shrinkage of the resin cement. In this study thin feldspathic 
laminate veneers were fabricated. In a retrospective clinical study, Dumfahrt et al.1 
detected similar multiple cracks in feldspathic ceramic veneers after 10 years of 
service which could be attributed to fatigue phenomena. In another study, using 
a stronger ceramic material (IPS Empress) than that of feldspathic ceramic, even 
in extended thicker laminate veneers such fractures and chippings were observed 
already after 5 years. 26 Although a standardized preparation technique was used, 
the thickness of adhesive cement layer and ceramic thickness itself might have 
showed variations that played roles in such crack development observed in this 
study.2,14 However, early cracks as in this clinical study could not be considered 
fatigue related failures. 
In earlier studies, strong lateral extrusion contact on the laminate veneer due to canine 
guidance was held responsible for overloading and fracture of such restorations.1,14 
Two of the 4 fractures were caused by trauma as reported by the patients in this 
study which could not be attributed to any occlusion related problem. On the other 
hand, the chipping failure was observed at the incisal area that could be due to 
thin parts of the ceramic.1 Regarding to the fracture incidence at the cervical area, 90 91  90 91 
principally, in the gingival one third of a veneer preparation, dentin will be exposed 
due to a thin layer of enamel present at this site.4 In that respect, the preparation 
and cementation procedures become more critical because high failure rates in 
veneers have been associated to largely exposed dentin surfaces.1,2 In these studies 
fractures were more frequent when ceramic laminate veneers were bonded onto 
dentin, indicating that the adhesion to dentin was not strong enough.
While the fracture of laminate veneers could not be attributed to one single reason 
only, adhesive debonding failure type with no remnants of cement left on the tooth 
surface  could  be  considered  as  a  consequence  of  lack  of  sufficient  adhesion. 
In this study, a dual-polymerized single bottle type of adhesive resin was used. 
Such adhesives presented comparable favorable results on enamel and dentin.29,30 
However,  after  tooth  preparation,  the  substrate  tooth  surface  may  still  contain 
some amounts of enamel and dentin at the same time. In the debonded case, a 
small resin composite was present at the mesial and distal surfaces of the tooth. 
Thus, the majority of the bonded substrate was tooth surface. After cleaning the 
cementation surface and reconditioning the laminate according to the adhesive 
protocol described, it was rebonded and remained functional without any problems 
until the end of the observation period. 
Four of the 5 absolute failures experienced with laminate veneers in this study were 
bonded onto existing restorations. Considering that two of the fractures on existing 
restorations  occurred  due  to  trauma,  and  due  to  the  insignificant  differences 
between the groups, it cannot be stated whether the conditioning protocol employed 
has benefits as reported in in-vitro studies.15-18 It should also be noted that the age 
and the type of the existing composite restorations are almost impossible to know 
when these restorations are referred from other practices. Therefore, a conditioning 
method was chosen that could offset the importance of the underlying composite 
properties.15-18  Nevertheless,  hydrolytic  stability  of  the  luting  cement-composite 
adhesion could only be verified after long-term observations. 
In a similar clinical study, where the size of the restorations were not mentioned, 
ceramic laminate veneers crossing existing composite restorations showed less 
longevity compared to those that did not, after 18 months of observations.31 However, 
information  on  their  conditioning  was  not  provided.  The  follow  up  observation 
period in this study is slightly longer than this previous study with similar outcome. 
However, a direct comparison could not be made due to the variations in materials 
used. The number of small restorations (42 out of 66) was more than medium (17) 
and large (7) ones in this study. Due to the small number of failure incidences, the 
size of the existing composites did not significantly affect the results. Therefore, 
particularly longevity of laminate veneers bonded to large composite restorations is 
of significance in the future.
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In clinical studies, absolute failures should also be coupled with the relative failures. 
Mainly minor voids and defects (16 of 87 laminates, USPHS criteria, Adaptation-
Score 1) and slight staining at the margins were noted (12 of 87 laminates, USPHS 
criteria, Marginal discoloration-Scores 1 and 2) until the final recall. Minor voids and 
defects on existing composite restorations (14 out of 16) were more common than 
those bonded to intact teeth (2 out of 16). It must be noted that such defects were 
not always at the interface between the laminate and the restorations but also at 
the tooth-laminate interfaces. In previous studies, marginal defects were especially 
noticed at locations where the veneers ended in existing composite restorations.14,32 
However,  in  those  clinical  studies,  no  additional  pretreatment  of  the  existing 
composites other than the adhesive resin corresponding to the luting cement was 
used. Since the preparation margins were extended to the proximal sites in this 
study, the margins at these areas were hidden and could not be evaluated. Thus, 
minor voids, defects and marginal staining were mainly observed at the incisal 
edges only from the lingual aspect. Since in these regions, function play a significant 
role compared to labial surfaces, aging of the adhesive resin or the luting cement, 
cement wash-out or initial polymerization shrinkage may be responsible for such 
deteriorations and eventually staining.14 Because of the extension of the preparation 
lingually at the incisal one third, such minor defects or staining were not visible to the 
patients. Such adaptation defects were reported to increase from 1.2% at 6 years 
to 7.9% after 12 years.3,33 With this kind of preparation and overlapped laminate 
veneers, previous clinical studies reported minimal cohesive fractures in the form 
of chipping at the incisal edge or palatal overlap which was attributed to functional 
stress concentrations.14,33 However, no such chipping was noticed in the present 
study. Restorations are being followed-up for a longer duration.
CONCLUSION
The clinical survival of ceramic laminate veneers up to 40 months was not significantly 
influenced when they were bonded onto intact teeth or onto teeth with existing 
restorations with the protocol applied.
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ABSTRACT
objectives:  This  randomized  controlled  split-mouth  clinical  trial  evaluated  the 
survival rate of indirect resin composite and ceramic laminate veneers. 
methods: A total of 10 patients (mean age: 48.6 years old) received 46 indirect resin 
composite and ceramic laminate veneers (Estenia; n=23, IPS Empress Esthetic; 
n=23)  on  the  maxillary  anterior  teeth.  Veneer  preparations  with  incisal  overlap 
were performed and existing resin composite restorations of good quality were 
not removed but conditioned using silica coating (CoJet) and silanization (ESPE-
Sil). Enamel and dentin were etched and rinsed, adhesive resin (Excite) was then 
applied. After cementation (Variolink Veneer), restorations were evaluated at baseline 
and thereafter every 6 months using modified USPHS criteria.
results: Seventeen laminate veneers were bonded onto intact teeth and 29 on 
teeth  having  existing  resin  composites.  Altogether,  3  failures  were  observed  in 
the form of debonding (n=1) and fracture (n=2) with the resin composite laminate   
veneer.  No  significant  difference  was  observed  between  the  survival  rates  of 
composite and ceramic laminate veneers [Estenia: 87%, IPS Empress Esthetic: 
100%] (p > 0.05). Overall survival rate was 93.5% (Kaplan-Meier). Of the 43 laminate 
veneers, minor voids and defects were observed in 6 of the composite and 3 of the 
ceramic veneers. Slight staining at the margins (n=3) and slightly rough surfaces 
were more frequently observed for the resin composite laminate veneer (n=18) until 
the final recall. 
conclusion:  Early  findings  of  this  clinical  trial  on  two  veneer  materials  showed   
statistically similar survival rates. Surface quality changes were more often observed 
in the composite veneer material.
 
Keywords: Adhesion, Ceramic, Ceramic aging, Composite aging, Dental materials, 
Indirect composite, Laminate veneers, Randomized controlled clinical trial, Silica 
coating, Split mouth, Surface conditioning98 99  98 99 
INTRODUCTION
In reconstructive dentistry laminate veneer restorations are considered as minimal 
invasive treatment options. Their durability completely relies on the adhesive strength 
of the resin luting cement to the veneering material and the tooth surface. Laminate 
veneers  are  usually  fabricated  from  either  particulate  filler  resin  composites  or 
ceramics. To date, little information is available in the literature on the long-term 
survival  rates  of  different  indirect  laminate  systems.1  Individual  clinical  studies 
evaluated survival of either only ceramics or only resin composites as laminate 
veneer material without comparing their performance in the same mouth. Therefore, 
the Cochrane Collaboration concluded that there was no evidence as to which 
laminate material performs clinically better.2
Ceramics are often referred to as the material of choice with favourable properties 
due  to  their  higher  fracture  resistance  and  colour  stability  as  opposed  to  resin 
composites.3,4  Ceramic  laminate  veneers  are  well  studied  in  the  dental  literature 
and the clinical studies report survival rates exceeding 90% up to 4 to 10 years of 
follow-up.3,4-9 These clinical studies have shown that incidences of absolute failures, 
resulting in complete loss of laminate veneers are low. However, survival rates are 
reported to decrease from 92% at 5 years to 64% at 10 years when relative failures 
are also taken into account as the outcome measures.7 Among relative failures, minor 
fractures of ceramics and marginal defects were reported as the main reasons for 
failure.6-10 On the other hand, clinical studies reporting on indirect resin composite 
laminate veneers observed susceptibility to both fracture and surface staining.1,11 From 
a financial perspective indirect resin composite laminates are cheaper compared to 
ceramics. From the biological aspect, resin-based materials induce less wear of the 
antagonists’ enamel than ceramics indicating potential for this material.12 
Modern particulate filler resin composites for indirect restorations are characterized 
by a filler/matrix ratio significantly higher than the preceding generations of such 
materials. One such indirect resin composite, Estenia (Kuraray Co., Tokyo, Japan) 
contains up to 92% colloidal silica spheres with 16 weight% superfine microfillers, 
grain size of 0.02 µm, and 76 weight% microfillers, grain size of 2 µm in urethane   
tetramethacrylate (UTMA) resin matrix. These amounts of fillers are higher than 
previous generations of resin materials that contain 50 to 80 weight% fillers.13,14 
The UTMA resin matrix in this particular indirect composite contains four types of 
functional urethane methacrylate, yielding to higher crosslink density of the material.14 
While on one side high filler content may increase the optical properties, on the 
other side it can be anticipated that the material may become more brittle.
Besides  inherent  strength  of  the  material  itself,  durable  adhesion  of  the  luting 
cement to both the tooth surface and the cementation surface of the restoration 
material through surface conditioning methods is crucial, especially for bonded   
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restorations such as laminate veneers. Hydrofluoric acid (HF) etching followed by the 
application of a silane coupling agent is a well established method for conditioning 
glassy matrix ceramics.15-18 For conditioning of polymeric materials, also favourable 
results  have  been  demonstrated  using  air-borne  particle  abrasion  with  alumina 
particles coated with silica followed by silanization, as opposed to acid etching 
and silanization or using alumina air abrasion and silanization only.19-22 Monomeric 
ends of the silane react with the methacrylate groups of the adhesive resins by a 
free radical polymerization process and increases the wettability of the luting resin. 
From adhesion perspectives both ceramics and polymeric materials are expected 
to deliver clinically satisfactory results. 
Aging of dental materials in the hostile oral environment is almost unavoidable over 
time. Dental materials are affected from stress, dynamic fatigue and degradation of the 
surface that may in turn influence their physical, mechanical and optical properties. 
Exposure to food components, acidic beverages, temperature changes,23 chewing, 
saliva and biofilm23,24 lead to degradation of resin composite surfaces.25 Degraded 
composite surfaces may show increased roughness, sometimes accompanied by 
decreased microhardness and increased exposure of filler particles or resin matrix 
swelling.26 Although dentists generally refrain from indicating resin materials due to 
aging of the surface, in fact, ceramics may also show surface deformations in an 
aqueous environment due to exposure to the chemical solutions, water and other fluids 
that may create damage to the glaze layer.9,27 Consequently, this process changes 
the surface hardness and surface properties promoting plaque accumulation, wear 
of antagonistic structures and sometimes it may impair the aesthetics especially in 
the anterior region.28,29 Not only the oral environment but also acidulated phosphate 
fluoride present in professional fluoride applications in toothpastes or in other forms at 
different concentrations was shown to etch dental ceramic surfaces.27 
The objective of this randomized controlled clinical trial therefore was to evaluate 
the clinical performance of laminate veneers made of particulate filler composite or 
ceramic in a split-mouth design. The null hypothesis tested was that both laminate 
materials would function similar in the clinical situation.
MATERIAL AND METHODS
STUDy DESIGN
The products, types, manufacturers, chemical compositions and batch numbers of 
the materials used in this study are listed in Table 1. 
In  order  to  avoid  noticeable  differences  in  case  of  distinct  levels  of  possible 
discoloration, a modified split mouth design was employed where the central incisors 
and the symmetric other teeth received the same type of restoration. Randomization 100 101  100 101 
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was based on the paired teeth and it was performed using the flip of a coin for the 
choice of material. 
INCLUSION AND EXCLUSION CRITERIA
Between  June-2008  and  November-2010,  a  total  of  10  patients  with  the  ages 
between 20 and 69 years old (7 female, 3 male, mean age: 48.6) received 46 
indirect composite and ceramic laminate veneers. Patients recruited for this study 
were referred from the university dental clinic and local general practices. Before 
entering the trial, all patients provided informed consent. The ethical committee 
of  the  university  institutional  review  board  approved  the  study.  Patients  were 
informed about all other alternative treatment options. The inclusion criteria were 
as follows: all subjects were required to be at least 18 years old, able to read and 
sign the informed consent document, physically and psychologically able to tolerate 
conventional restorative procedures, having no active periodontal or pulpal diseases, 
having teeth with good restorations, and willing to return for follow-up examinations 
as outlined by the investigators. 
Existing composite restorations of good quality, presenting no caries, ditching or 
marginal staining were not removed prior to tooth preparation. They were rated 
for their size; restorations, covering more than half of the labial surfaces, were 
considered as large and the others as small restorations. Non-vital teeth were not 
excluded from the study (Figure 1).
Figure 1. CONSORT flow chart presenting the inclusion/exclusion criteria and the final 
characteristics of the patients recruited to participate in this study.
Assessed for eligibility
(N=19)
Allocation Allocated to intervention (n=10)
Received allocated intervention (n=10)
Did not receive allocated intervetion (n=0)
Lost to follow-up
(n=0)
Analyzed at each follow- up
(npatients=10, nteeth=46)
Follow-Up
Analysis
Excluded due to not meeting inclusion criteria
(N=9)
- Active periodontal therapy (n=2)
- Active orthodontic therapy (n=4)
- Did not want to participate (n=3)102 103  102 103 
TOOTH PREPARATION
Prior to treatment with laminate veneers, gingival corrections, bleaching or alignment 
corrections were made through orthodontics where necessary. Treatment planning 
was performed using digital photos, and plaster casts. For evaluation of the midline 
position, a face-bow was placed on the face perpendicular to the midline. Shade 
was determined using different shade tabs under standard conditions (6500 K, 8 
light intensity, Longlife, Aura, The Netherlands) in the dental laboratory. A wax set-
up was made on the plaster model using the mock-up technique.30,31 The wax set-
up was used to communicate on the correction of the form and position of the teeth 
and also to evaluate the expectations of the patient. Only after patient’s approval of 
the mock-up, tooth preparations were made.
Magnified loops (x4.2) (Examvision, Rotterdam, The Netherlands) and a magnifying 
microscope (x3.4 - 21.3) (Opmipico, Zeiss, Sliedrecht, The Netherlands) were used 
for minimal preparations. Ball-shaped diamond burs (no: 676, Dentsply Maillefer, 
Ballaigues, Switzerland) were used to mark preparation depths through the set-
up. The labial surfaces were axially reduced by 0.3-0.5 mm. Tapered round-ended 
diamond burs were used for uniform preparations. An incisal overlap of 1-1.5 mm was 
prepared all cases. At the cervical area, a shallow chamfer finish line (0.5 mm) was 
created epi- or supra-gingival to maintain good periodontal health. A light chamfered 
marginal finish line extended inter-proximally to hide the restoration margins. 
All internal angles were smoothed to reduce stress concentration. On the palatal 
aspect, a right-angled contour (butt joint) between the incisal edge and the palatal 
surface was achieved. Impressions were then made using a polyether impression 
material (Impregum, 3M ESPE, St. Paul, MN, USA). Temporary veneers were made 
chair-side using an auto-polymerized composite restorative material (Structur SC, 
Voco,  Cuxhaven,  Germany).  For  the  fixation  of  the  temporary  veneers,  enamel 
was spot etched with 37% phosphoric acid (Total Etch, Ivoclar Vivadent, Schaan, 
Liechtenstein) for 30 seconds.
One dental technician made all laminate veneers. Leucite reinforced glass ceramic 
(IPS Empress Esthetic, Ivoclar Vivadent, Schaan, Liechtenstein) were processed 
according to the manufacturers instructions using the IPS Empress layering and lost 
wax technique. After wax-up, a cut-back of 0.2-0.8 mm was performed to allow for 
layering of the veneering ceramic. 
The indirect composite laminate veneers (Estenia C&B, Kuraray, Tokyo, Japan) were 
fabricated using the layering technique following the manufacturer`s instructions. 
They were heat- (100-110°C for 15 minutes) and photo-polymerized (400-515 nm 
for 270 seconds) using a special polymerization device (Heat-curing-110, Toesco, 
yoshida, Japan) according to the manufacturer’s recommendations.
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Both ceramic and resin composite laminate veneers were hand polished using diamond 
burs and silicon rubbers (3044HP-30044HP Ceragloss, Edenta, Switzerland).
CEMENTATION
Sequence of adhesive procedures is summarized in Tables 2a-c. Form, adaptation 
and shade match of the restorations were checked clinically. The colour of the 
cement to be used was determined using try-in pastes (Variolink Veneer Try-in 
Paste, Ivoclar Vivadent).
After cleaning with 99% isopropanol, cementation surfaces of the laminates were 
etched with 4.9% hydrofluoric acid (IPS Ceramic etching gel, Ivoclar Vivadent) for 
1 minute, washed thoroughly for 1 minute and dried with oil-free compressed air. 
Since etching with hydrofluoric acid leaves a significant amount of crystalline debris 
precipitate at the ceramic surface17, laminate veneers were ultrasonically cleaned 
in distilled water for 5 minutes. Thereafter, the cementation surfaces were silanized 
(Monobond  S,  Ivoclar  Vivadent)  and  waited  for  its  reaction  for  1  minute.  After 
silanization, adhesive resin (Excite, Ivoclar Vivadent) was applied, air-thinned but not 
polymerized.
The intaglio of the indirect composite laminate veneers was tribochemical silica 
coated (30 µm SiO2, CoJet-Sand, 3M ESPE) using an intraoral air-abrasion device 
(Dento-Prep, RØNVIG A/S, Daugaard, Denmark) at a pressure of 2.5 bar from a 
distance of approximately 10 mm for 20 seconds. They were then silanized with 
3-methacryloxypropyltrimethoxy silane coupling agent (MPS) (ESPE-Sil, 3M ESPE 
AG) and waited for its evaporation of 5 minutes. After silanization, adhesive resin 
(Excite, Ivoclar Vivadent) was applied, air-thinned but not polymerized.
sequence of conditioning the tooth/restoration
1 Cleaning the tooth/restoration surface with fluoride-free pumice
2 Silica coating the existing composite restorations (5 seconds)
3 Acid etching enamel (30 seconds) and dentin (10-15 seconds) (37% H3PO4)
4 Rinsing 30 seconds
5 Silane (ESPE-Sil) application on the existing restorations (5 minutes)
6  Adhesive resin (Excite) application and air-thinning
7 No photo-polymerization
8 Bonding the laminate
Table 2a. Sequence of conditioning protocol of the tooth/restoration.104 105  104 105 
sequence of conditioning and application protocol for the ceramic laminate 
veneers
1 Hydrofluoric acid etching (1 minute)
2 Rinsing with copious water (1 minute)
3 Ultrasonic cleaning in distilled water (5 minutes)
4 Silane coupling agent application + waiting for its evaporation (1 minute)
5 Adhesive application (no photo-polymerization)
6 Cement application on the cementation surface of the laminate veneers
7 Placement of laminate veneer onto the tooth
8 Photo-polymerization (3 seconds)
9 Removal of excess of cement
10 Glycerine gel application and photo-polymerization at buccal, oral, proximal sides 
(40 seconds each)
Table 2b. The sequence of conditioning and application protocol for the ceramic laminate 
veneers. 
sequence of conditioning and application Protocol for the composite Laminate 
Veneers
1 Silica coating cementation surface (20 seconds)
2 Gently blowing excess powder (30 seconds)
3 Silane coupling agent application + waiting for its evaporation (1 minute)
4 Adhesive application (no photo-polymerization)
5 Cement application on the cementation surface of the laminate veneers
6 Placement of veneer onto the tooth
7 Photo-polymerization (3 seconds)
8 Removal of excess of cement
9 Photo-polymerization at buccal, oral, proximal sides (40 seconds each)
Table 2c. The sequence of conditioning and application protocol for the composite laminate 
veneers.
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category score criteria
adaptation 0
1
2
3
4
Smooth margin
All margins closed or possess minor voids or -defects 
(enamel exposed)
Obvious crevice at margin, dentin or base exposed
Debonded from one end
Debonded from both ends
color match 0
1
2
3
4
Very good color match 
Good color match 
Slight mismatch in color or shade 
Obvious mismatch, outside the normal range 
Gross mismatch 
marginal  
Discoloration
0
1
2
3
No discoloration evident
Slight staining, can be polished away
Obvious staining, cannot be polished away
Gross staining
surface  
roughness
0
1
2
3
Smooth surface
Slightly rough or pitted
Rough, cannot be refinished
Surface deeply pitted, irregular grooves
Fracture of
restoration
0
1
2
3
4
5
No fracture
Minor crack lines over restoration
Minor chippings of restoration (1/4 of restoration)
Moderate chippings of restoration (1/2 of restoration)
Severe chippings (3/4 restoration)
Debonding of restoration
Fracture of tooth 0
1
2
3
4
5
No fracture of tooth
Minor crack lines in tooth
Minor chippings of tooth (1/4 of crown)
Moderate chippings of tooth (1/2 of crown)
Crown fracture near cementum-enamel line
Crown-root fracture (extraction)
Wear of  
restoration
0
1
No wear
Wear
Wear of antagonist 0
1
No wear
Wear of antagonist
caries 0
1
No evidence of caries along the margin of the restoration 
Caries evident with the margin of the restoration 
Post-operative 
sensitivity
0
1
2
3
No symptoms 
Slight sensitivity 
Moderate sensitivity 
Severe pain 
Table 3. List of modified United States Public Health Service (USPHS) criteria used for the 
clinical evaluations of the laminate veneers.106 107  106 107 
All teeth to be veneered were isolated using a split-rubberdam technique. Contour 
strips  (Contour-Strip,  Ivoclar  Vivadent)  were  placed  with  the  help  of  wedges 
interproximally to perform a smooth restoration outline in the cervical area. The 
prepared  teeth  were  first  cleaned  with  fluoride-fee  pumice  (Pumice  Flour,  Dux, 
Utrecht,  The  Netherlands)  using  a  polishing  brush  (Polishing  brush,  Coltene 
Whaledent, Altstatten, Switzerland).
In case of existing composite restorations, they were silica coated with the same 
parameters as described above. Then, enamel and dentin were etched with 37% 
H3PO4 (Total Etch, Ivoclar Vivadent, Schaan, Liechtenstein) for 15-30 seconds. After 
rinsing for 30 seconds and air-drying, an MPS silane (ESPE-Sil, 3M ESPE AG) was 
applied on the existing composite restorations and waited for its evaporation for 5 
minutes. The adhesive resin (Excite, Ivoclar Vivadent) was then applied on both the 
tooth and the restoration surfaces with a microbrush for 15 seconds, air-thinned but 
not polymerized.
Laminate  veneers  were  cemented  using  a  photo-polymerized  luting  cement 
(Variolink Veneer, Ivoclar Vivadent). Cement was applied to the inner surfaces of the 
laminates. After placement, initially, they were photo-polymerized (Bluephase 20i, 
Ivoclar Vivadent) for only 3 seconds at the buccal surface to ensure stabilization 
of the veneer. The light output was at least 800 mW/cm2 in all applications. Gross 
excess cement at the margins was removed immediately with the aid of brushes, 
scalers  and  dental  floss  (Oral-B,  Rotterdam,  The  Netherlands).  Application  of 
glycerine gel (Liquid-Strip, Ivoclar Vivadent) at the margins ensured oxygen inhibition 
during polymerization. Buccal, oral, and proximal surfaces were further polymerized 
for 40 seconds. After rinsing the glycerine gel, excess cement was removed with 
hand-instruments and finishing burs. Restoration margins were further polished with 
silicone polishers (Astropol FP, HP, Ivoclar Vivadent) and interproximal polishing strips 
(Soft-Lex Finishing Strips, 3M ESPE) at 7,500-10,000 rpm under water. One clinician 
(M.G.) placed the restorations. Finally, the occlusion was checked in protrusive and 
lateral movements of the mandible. The time spent for the restoration was also 
recorded at the end of each session.
EVALUATION
Restorations  were  evaluated  at  baseline  and  thereafter  every  6  months  by  two 
calibrated observers (H.A. and D.P) who were blinded to the objective of this study. 
Caries, debonding, chipping and fracture were considered as absolute failures. 
Patients  were  also  questioned  about  possible  post-operative  complaints.  Both 
observers  evaluated  the  restorations  independently,  according  to  the  modified 
United States Public Health Service (USPHS) criteria (Table 3). The restorations 
were visually inspected with dental mirror and probe. After data collection, in case 
of discrepancies in scoring, restorations were evaluated again, a consensus was 
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Survival Functions
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Figure 2. Event-free survival rates of indirect resin composite and ceramic laminate veneers based 
on material (Estenia: 87%; n=23, events n=3; IPS Empress Esthetic: 100%; n=23, events n=0).
reached and this was accepted as the final score. Patients were instructed to call 
upon any kind of failure. Digital photos were made after placement of the veneers 
and during follow-up sessions. 
STATISTICAL ANALySIS 
Survival analyses were performed with statistical software program (SPSS 13.0; 
SPSS Inc, Chicago, IL, USA) using Kaplan-Meier and Log Rank (Mantel-Cox) tests 
to obtain the cumulative survival rates in relation to observation time. P values less 
than 0.05 were considered to be statistically significant in all tests.
RESULTS
In total, 5 recalls were performed after baseline measurements and no drop-out 
was experienced yielding to the evaluation of 46 indirect laminate veneers (Estenia: 
n=23; IPS Empress Esthetic: n=23). The mean observation time was 20.3 months 
with a minimum observation period of 12 months and maximum 36 months. Of 
these 46 laminate veneers, 17 of them were cemented onto intact teeth and 29 onto 
teeth with existing resin composite restorations. All existing composites were rated 
as small restorations. The distribution of their locations in the maxilla was as follows: 
18 on central incisors, 18 on lateral incisors, and 10 on canines. 108 109  108 109 
Figures 3a-e. Representative photos of some failures
3a. Adhesively debonded composite 
laminate veneer from tooth no. 13. 
Note that some resin cement was left 
adhered on the cementation surface 
of the laminate that had small existing 
resin composites at the cervical area 
and distal side of the tooth 
3b. Cohesive fracture failure (chipping) 
of the composite laminate veneer on 
tooth no. 11 
3d. Baseline frontal view of ceramic 
laminates on tooth no. 11, 21, 23 and 
composite laminates on tooth no. 12, 
13, 22. Note the similar glossy surfaces 
for both materials
3e. Rough surface and diminished 
gloss of the composite laminate veneer 
on tooth 12 and 13 in comparison to 
the ceramic veneer on tooth 11 at 13 
months follow up
3c. Cohesive fracture of the composite 
laminate veneer on tooth no. 22 due to 
bruxism. Patient reported that he did 
not wear the splint provided
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BaseLine FinaL recaLL
criteria Estenia  
n=23) 
IPS Empress   
Esthetic
(n=23)
Estenia  
n=20) 
IPS 
Empress 
Esthetic
(n=23)
adaptation of  
restoration
0
1
2
3
4
18
6
1
-
-
23
-
-
-
-
23
6
-
-
-
20
3
-
-
-
color match 0
1
2
3
4
10
13
-
-
-
7
16
-
-
-
20
-
-
-
-
19
4
-
-
-
marginal  
Discoloration
0
1
2
3
23
-
-
-
23
-
-
-
17
3
-
-
22
1
-
-
surface  
roughness
0
1
2
3
18
5
-
-
23
-
-
-
2
18
-
-
23
-
-
-
Fracture of
restoration
0
1
2
3
4
5
23
-
-
-
-
-
23
-
-
-
-
-
20
-
-
-
-
-
23
-
-
-
-
-
Fracture of tooth 0
1
2
3
4
5
23
-
-
-
-
-
23
-
-
-
-
-
20
-
-
-
-
-
23
-
-
-
-
-
Wear of  
restoration
0
1
23
-
23
-
20
-
23
-
Wear of 
antagonist
0
1
26
-
23
-
20
-
23
-
caries 0
1
23
-
23
-
20
-
23
-
Post-operative 
sensitivity
0
1
2
3
21
2
-
-
21
2
-
-
20
-
-
-
23
-
-
-
Table 4. Summaries of USPHS evaluations at baseline and final follow-up.110 111  110 111 
Average treatment time for each restoration was noted to be approximately 120 
minutes. Two patients received occlusal splints after cementation.
The survival rates of the indirect composite laminate veneers (87%) and ceramic ones 
(100%) did not show statistically significant differences (p > 0.05) [Kaplan-Meier, Log 
Rank (Mantel-Cox) (Cl=95%)] (Figure 2). The survival rates of the laminates bonded 
to teeth without (94.1%) and with existing resin composite restorations (93.5%) also 
did not show significant differences (p > 0.05) [Kaplan-Meier, Log Rank (Mantel-Cox) 
(Cl=95%)]. Overall survival rate was 93.5% (Kaplan-Meier). Hazard ratios could not 
be calculated due to non-significant differences between the groups.
A total of 3 absolute failures were observed in the form of debonding (n=1) and 
fractures (n=2) with the indirect resin composite. The debonding was a complete 
adhesive failure between the tooth and the luting cement, which occurred 11 months 
after cementation. On the distal and cervical sides of the tooth (13), there were small 
existing resin composite restorations. The existing restoration at the cervical area, 
which was bonded solely to dentin, remained attached to the cementation surface 
of the laminate restoration. After cleaning the cementation surface, the debonded 
veneer was re-cemented using the same adhesive protocol. 
Both of the fractures occurred at the incisal area and were cohesive failures in the 
indirect composite material. The first fracture was experienced on tooth 11 which 
had a small cervical existing composite restoration, 13 months after cementation. 
The second laminate fracture was on tooth 22 bonded to intact tooth with no existing 
restorations, 11 months after cementation. All 3 failures were experienced in laminate 
veneers bonded to vital teeth. Representative failure types and observations are 
presented in Figures 3a-e.
Of the 43 laminate veneers, minor voids and defects were observed in 6 of the 
composite and 3 of the ceramic veneers (Adaptation-Score 1). Slight staining at the 
margins (n=3, Marginal discoloration-Score 1) and slightly rough surfaces (Surface 
roughness-Score 1) were more frequently observed for the resin composite laminate 
veneer (n=18) until the final recall (Table 4). 
Secondary caries, endodontic complications or wear of the antagonist were not 
observed in any of the cases. In total, 8 teeth showed post-operative sensitivity at 
baseline. All of them disappeared after 2 weeks.  
DISCUSSION
This clinical trial compared the performance of particulate filler composite and leucite 
reinforced laminate veneer materials in the same mouth. When patients are treated 
at different times and places, or due to financial reasons, the chance of having the 
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two types of materials in the mouth is a common observation. In such occasions, 
since the laminate veneers are then usually made at different time points, no direct 
comparison can be made on their clinical performance. As to the authors` best 
knowledge this is the first randomized controlled clinical study where materials of two 
different natures were compared in the same patient. Based on the non-significant 
differences in the clinical survival of the two materials, the null hypothesis could 
not be rejected. The results presented here cover observations up to maximum 
36 months. Therefore, the findings could be considered as interim results. Overall 
93.5% of the laminate veneers required no intervention until the final follow up, which 
could be considered clinically acceptable. However, some of the findings could give 
some insights on the long-term performance of the two materials tested.
The number of absolute failures was limited in this study with one debonding and   
2 cohesive fractures that occurred only in the composite laminate veneers. Early 
failures are commonly related to technical failures and not as a consequence of 
fatigue. The composite laminates veneers where the 2 fractures were observed 
indicate  that  the  adhesive  strength  of  the  cementation  interface  was  sufficient 
and  exceeded  the  cohesive  strength  of  the  particulate  filler  composite.  Similar 
observations were made in an in-vitro study,22 where cohesive fractures were the 
predominant failure modes for the same indirect resin composite tested. In the 
same study, the mean bond strength of the indirect composite-luting composite 
was higher than that of ceramic-luting composite where the latter presented mainly 
adhesive failures. Since no adhesive failures were observed in the ceramic laminate 
group in this study, the results of that in-vitro study could not be confirmed.
In the present study, the existing resin composites were not removed, as every 
removal attempt would yield to more tissue loss. However, adhesion gets complex 
in  situations  where  the  existing  old  composite  restorations  are  present  next  to 
enamel and dentin. These three substrates need to be conditioned in three different 
fashions. Considering only 1 debonding incidence out of 46 laminate veneers in this 
study, the adhesive protocol employed could be considered reliable. Certainly, the 
cross-contamination due to different conditioning procedures might have impaired 
the adhesion but the overall strength seems to be clinically sufficient.32 It should 
also be noted that the existing restorations were all rated as small indicating that the 
majority of the substrate surface was the tooth substance. In a clinical study, where 
the size of the restorations were not mentioned, ceramic laminate veneers crossing 
existing composite restorations showed less longevity compared to those that did 
not, after 18 months of clinical service.5 yet, no information was provided whether 
any conditioning method was employed for the existing composites or not. Karlsson 
et al.5 reported that 60% of the laminate veneers crossed over an existing composite 
restoration.  Although  composite-composite  adhesion  delivers  promising  results 
with the same conditioning methods used here,19-22 further clinical observations are 112 113  112 113 
needed on the performance of the laminate veneers bonded to larger composite 
restorations. 
One of the two cohesive fractures was observed in a patient with a history of bruxism 
who reported that he did not use the splint he was provided to wear at nights and 
the reason for the other fracture could not be identified. The cohesive strength 
of not only composites but also ceramics may be not enough for individuals with 
parafunctional habits. In a review by Friedman,6 such patients were reported to be 
more prone to short term cohesive fractures in the ceramic. For this reason splints 
were indicated for such patients. The limited number fractures in this study cannot 
confirm the findings of this report.
While the fracture of laminate veneers could not be attributed to one single reason 
only, adhesive debonding failure type with no remnants of cement left on the tooth 
surface could be considered as a consequence of insufficient adhesion between 
the tooth and the resin cement. In the debonded case, a small resin composite 
was present at the cervical area and distal surfaces of the tooth. Thus, the majority 
of the bonded substrate was the tooth surface. On the other hand, the existing   
composite at the cervical area was pulled out due to debonding. In this study, a 
dual-polymerized single bottle adhesive resin was used. In fact, such adhesives 
presented similar results both on enamel and dentin.33,34 The existing composite 
restoration in the cervical area was found attached on the cementation surface of 
the composite laminate. This could imply that the adhesive strength of the composite-
cement  bonding  was  stronger  than  the  dentin-cement  bonding.  After  cleaning 
the cementation surface and reconditioning the laminate veneer according to the 
adhesive protocol described, it was rebonded and remained functional without any 
problems until the end of the observation period. 
The absolute failures observed in this study should also be combined with the 
relative failures. The major change until the final follow up was observed in surface 
roughness scores for the indirect composite followed by adaptation and marginal 
discoloration. These kinds of changes were expected but the intensity and pace of 
change was not known and therefore a modified split-mouth design was employed in 
this clinical trial. In fact, in terms of colour match resin composites presented better 
than the ceramic laminate veneers. The surface roughness was noticeable when the 
laminate surfaces were air dried to remove the thin saliva film, which is according 
to the requirements of the evaluations using USPHS criteria. The increased surface 
roughness however was not always accompanied by colour change. Possibly for 
this reason, none of the patients have complaints on the changes of the surface and 
some even did not notice the changes. Refinishing and repolishing was not carried 
out on any of the restorations.
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In the dental community surface changes are considered as the major reasons 
for changing resin composite restorations. Aging of the resin-based materials may 
lead to leaching of the components, swelling and degradation of the cross-linked 
resin  matrix.35,36  Hydrolysis  of  silane  (Si-O-Si)  at  the  filler-matrix  interfaces  may 
eventually lead to filler loss and increased surface roughness.37-39 Besides thermal 
and hydrolytic changes, processing and function on the composite surfaces plays 
a role. Since the laminate veneers are not placed on the occlusal surfaces, the 
effect of processing and polishing procedures are of more importance. In  fact, 
high filler content and heat-and photo-polymerization process in the particulate 
filler  composite  tested,  was  expected  to  deliver  better  surface  properties  with 
this material. In a recent study, surface characterization of resin-based materials 
revealed the presence of principally resin matrix rather than the fillers on the outer 
surface after polymerization.40 This of course questions the additional effect of fillers 
in resin composites to improve surface properties. Among other aging parameters, 
the biofilm effect with similar microbial compositions were found to age the direct 
resin composite surfaces the most,41 possibly as a result of different concentrations 
of positively-charged inorganic elements on the composite surfaces.42 Considering 
surface roughness changes more than the ceramic, this assumption could be made 
for the composite laminate veneers in this study. Although some surface degradation 
could be also expected from ceramic materials according to in vitro27-29 and clinical 
studies,5,10 the leucite-based ceramic used in this study showed exclusively smooth 
surface (Surface roughness-Score 0) until the final observation period.
Minor voids and defects (6 out of 20 with Estenia and 3 out of 23 with IPS Empress 
Esthetic, USPHS criteria, Adaptation-Score 1) and slight staining at the margins 
were noted (3 out of 20 with Estenia and 1 out of 23 with IPS Empress Esthetic, 
USPHS criteria, Marginal discoloration-Score 1) until the final recall. Such defects 
were not always observed at the interface between the laminate and the existing 
restorations but also at the tooth-laminate interfaces. Since the preparation margins 
were extended to the proximal sites, the margins at these areas were hidden and 
could not be evaluated. Thus, minor voids, defects and marginal staining were 
mainly observed at the incisal or cervical margins. Such adaptation defects were 
reported to increase from 1.2% at 6 years to 7.9% after 12 years.7,43 Restorations are 
being followed-up for a longer duration both absolute and relative failures.
CONCLUSION
Based  on  the  interim  results  of  this  clinical  study,  the  following  could  be 
concluded:
1. Regarding absolute failures, the clinical performance of indirect resin composite 
  and ceramic laminate veneers tested showed statistically no significant    
  survival rates up to 36 months. 114 115  114 115 
2. Surface quality changes were more frequently observed in the composite veneer 
  material that may require more maintenance over time. 
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ABSTRACT
objectives: This study compared the fracture strength of direct and indirect resin 
composite  laminate  veneers  and  evaluated  the  effect  of  a  bidirectional  E-glass 
woven fiber application at different locations at the cementation interface.
material and methods: Standard preparations on canines (N= 50, 10 per group) 
were made using a depth cutting bur (0.7 mm depth) designed for laminate veneer 
restorations. Forty indirect laminates using a highly filled polymeric material (Estenia) 
and 10 direct laminates (quadrant Anterior Shine) were prepared according to the 
manufacturer’s  instructions.  Bidirectional  E-glass  woven-fiber  sheet  (0.06  mm) 
(Everstick)  was  applied  at  different  locations  at  the  cementation  interface.  The 
control group received no fibers. The specimens were stored in water at 37˚C for   
1 month prior to fracture testing performed in a universal testing machine where the 
load was applied from the incisal direction at 137˚ (1 mm/min).
results: No significant differences were found between the five groups (p > 0.01) 
(one-way ANOVA). While indirect laminate veneers showed mean fracture strength 
of 247 ± 47N, direct laminate veneers revealed 239 ± 104N. The use of E-glass 
fibers at the cementation interface at different locations did not increase the fracture 
strength  significantly  (286–313  N)  (p  >  0.01).  Failure  analysis  showed  mainly 
cohesive fracture of the veneer restoration (20/50) and adhesive failure between the 
cementation interface and the laminate with fiber exposure (19/50) covering more 
than half of the restorations.
conclusion:  Direct  and  indirect  resin  composite  laminate  veneers  showed 
comparable  mean  fracture  strengths.  The  use  of  E-glass  woven-fiber  sheet  at 
the cementation interface did not increase the fracture strength of the polymeric 
laminate veneers.
Keywords: Cementation, E-glass fibers, Laminates, Fiber-reinforcement, Fracture 
strength, Particulate filler composite, Veneers.122 123  122 123 
INTRODUCTION
With the introduction of total-etch, multi-step, adhesive systems, progress in bonding 
to enamel and dentin, and further development of resin composites has led to a 
more conservative restorative treatment of discolored or damaged anterior teeth. 
One such minimal invasive treatment modality is the application of laminate veneers 
made of either ceramics or particulate filler composites (PFC). Laminate veneers 
require minimal preparation of only 0.3–0.9 mm which is highly conservative, when 
compared to their fullcoverage counterparts. Basically, three types of preparation 
design have been described for laminate preparations: namely, window or intra-
enamel preparation, overlapped incisal edge or knife-edge incisal preparation1–3. 
Several studies suggested the window type as the most conservative preparation 
when strength is an important factor.3–5
To date, little information is available in the literature on the survival rates of different 
laminate  materials.6  The  Cochrane  Collaboration  concluded  that  there  was  no 
evidence  as  to  whether  indirect  laminates  are  better  than  direct  ones.7  Direct 
composite  laminate  veneers  are  less  expensive  than  the  indirect  options  and 
they can be accomplished in one session. However, they still suffer from a limited 
longevity since they are susceptible to discoloration, wear and marginal fractures, 
thereby reducing the esthetic result in the long-term.6,8
Indirect laminates can either be made of ceramics or PFC’s where the latter is considered 
less expensive with improved wear resistance, physical properties and color stability.8,9 
The new PFC’s are characterized by a filler/matrix ratio that is significantly greater (up 
to 92 wt%) than that of the preceding generation of resin composite materials. Indirect 
laminate veneer restorations should firmly adhere to the underlying tooth substrate 
with adhesive cement in order to improve the fracture resistance.10 Micro-tensile bond 
strength of MDP monomer based resin cement bonded to an indirect resin composite 
was found to be superior when compared to other cements.11
Delamination is one of the predominant forms of failure in laminated composites, due 
to the lack of reinforcement in the thickness.12–15 Particularly, delamination as a result 
of  impact  forces  can  cause  significant  reduction  in  the  compressive  load-carrying 
capacity of a structure. In order to strengthen laminated composite materials, fibers can 
be placed at the interface.16,17 Several types of fibers have been used to reinforce dental 
polymers.14 E-glass fibers demonstrate an ability to withstand tensile stresses and stop 
crack propagation in composite materials.18,19 There exist potential applications for fiber-
reinforced composites in different disciplines of dentistry, but no study was based on 
their use for the purpose of reinforcing the cementation interface in laminate veneers. 
The objectives of this study were to compare the fracture strength of direct and 
indirect resin composite laminate veneers and to evaluate the effect of bidirectional 
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E-glass woven fiber application, at different locations at the cement interface, on 
fracture strength and failure modes.
MATERIAL AND METHODS
Fifty  sound  human  canines  of  similar  size,  free  of  restorations  and  root  canal 
treatment were selected from a pool of recently extracted teeth. Before preparation, 
an impression was taken from each tooth using a high precision condensation silicone 
(Zhermack, Marl, Germany) in order to obtain molds for creating laminate veneers 
of the original form and shape of the teeth. Window type tooth preparations (N= 50, 
10 per group), without incisal overlap, were made with a depth cutting bur especially 
designed for laminate preparations (Swiss Dental Products, Intensiv SA, Lot M-9306, 
Grancia, Switzerland). After the depth cuts of 0.7mm were made, preparation was 
finalized using a round-ended tapered diamond chamfer bur (Swiss Dental Products, 
Lot S-4180, FG-2309). The preparations ended 1 mm above the cemento-enamel 
junction. Smooth margins were created to prevent stress concentration zones. All 
prepared teeth were randomly assigned to five experimental groups. Forty indirect 
laminate veneers using a highly filled polymeric material (Estenia) (Shade E1) (groups 
1–4) and 10 direct laminate veneers (quadrant Anterior Shine) (Shade A1) (group 
5) were prepared using a micro-hybrid composite according to the manufacturers’ 
instructions.  The  materials  used  for  the  experiments,  their  compositions  and 
manufacturers are listed in Table 1.
Standard thickness of the laminates in the original form of the teeth was achieved 
using  the  impression  molds  made  before  tooth  preparation.  For  each  tooth, 
an individual laminate was produced. While the direct laminates were only light-
polymerized  (Demetron  LC,  SDS  Kerr,  Germany,  light  intensity:  500  mW/cm2) 
following etching, priming and bonding (group 5), the indirect ones were both light 
and heat polymerized using the polymerization unit advocated by the manufacturer 
(Tecnomedica, Bareggio, Italy). Excess composite around the margins was removed 
and the laminates were finished using finishing burs (Swiss Dental Products, FG-
2309) and polished (Sof-Lex discs, 3M ESPE, St. Paul, MN, USA).
CEMENTATION
Dual-cure resin composite cement (Panavia F2.0) was used for the cementation of 
the indirect laminate veneers. A three-step bonding procedure was employed to 
ensure good adhesion of the resin cement in case dentin was exposed. 
The cementation surfaces of the veneers were silica coated (CoJet-Sand, 30µm SiO2, 
3M ESPE, Seefeld, Germany) using a chairside air-abrasion device (Dento-PrepTM, 
RØNVIG A/S, Daugaard, Denmark) from an approximate distance of 10 mm until the 
surface became matt and then silanized. 
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Bidirectional  E-glass  woven  fibers 
(Everstick, Sticktech, Finland) (0.06 mm) 
of 42 to 48 mm2 were cut using straight 
scissors  depending  on  the  surface 
area of the preparation. Labial surfaces 
of  the  canines  that  would  receive  the 
laminate veneers were measured using 
a micrometer (Mitutoya Ltd., Hampshire, 
UK). Care was taken not to extend the 
measurements  further  than  the  mesial 
and distal margins of the preparation in 
order to avoid fiber exposure. 
The  fiber  sheet  was  placed  at  the 
cementation  interface  at  three  locations 
namely:  (a)  tooth  surface–fiber–cement–
laminate  (group  1),  (b)  tooth  surface–
cement–fiber–cement–laminate  (group 
2)  and  (c)  tooth  surface–cement–fiber– 
laminate (group 3). During the cementation 
procedure, the cement thickness was controlled using an ultrasonic tip,working it based 
on oscillation principles (Amdent, Nynäshamn, Sweden). The tip of the cementation 
device was held perpendicular to the surface after seating the laminate veneer on 
the prepared tooth surface. Excess cement was removed from the margins using an 
explorer. The restoration was then light polymerized (Demetron LC) for 40 seconds 
from each direction. Oxygen inhibition gel (Oxyguard, Kuraray) was applied around the 
margins of the laminate to ensure complete polymerization and then rinsed thoroughly. 
The control group (group 4) received no fibers and cementation in this group was 
performed as described above.
FRACTURE STRENGTH TEST
The teeth with the cemented laminate veneers were embedded perpendicularly 
in  polymethylmethacrylate  (Autoplast,  Condular,  Wager,  Switzerland)  up  to  the 
cemento-enamel junction in the middle of the plastic rings (PVC, diameter: 2 cm, 
height: 1 cm). The specimens were stored in water at 37˚ C for one month prior to 
the fracture test, which was performed in a universal testing machine (Zwick ROELL 
Z2.5MA, 18-1-3/7, Zwick, Ulm, Germany). In order to simulate the clinical situation as 
closely as possible, the specimens were mounted onto a metal base and load was 
applied at 137˚ at a crosshead speed of 1.0mm/min from the incisal direction to the 
laminate–tooth interface (Figure 1).20 The maximum force to produce fracture was 
recorded. Digital photos were taken from the specimens and failure type, location 
and size were determined.
Figure 1. Application of the load cell to the 
laminate–tooth interface in a universal testing 
machine until fracture.126 127  126 127 
Statistical analysis was performed using the SAS System for Windows, release 
8.02/2001 (Cary, NC, USA). The means of each group were analysed by one-
way analysis of variance (ANOVA). P values less than 0.01 were considered to be 
statistically significant in all tests.
RESULTS
One-way analysis of variance showed no significant difference between the five 
experimental groups (p > 0.01) (Figure 2). The use of woven E-glass-fibers at the 
cementation interface at different locations (groups 1–3) (251 ± 110 to 313 ± 100 N) 
did not increase the fracture strength significantly (p > 0.01) when compared with 
the control group without glass–fiber at the interface (group 4) (247 ± 47 N).
There were no significant differences between the mean fracture strength of direct 
(group 5) (239 ± 104 N) and indirect laminate veneers (group 4) (247 ± 47 N) (p = 
0.43). 
Analysis of the fractured laminate veneers showed mainly three types of failures: cohesive 
fracture  of  the  veneer  restoration  (CF),  adhesive  failure  between  the  cementation 
interface and the laminate either with fiber exposure (FE) or tooth exposure (TE). Failure 
types were further classified as irreparable (type 1 = more than half of the restoration) 
and repairable (type 2 = less than half of the restoration) types of failure. The observed 
failure types per group are demonstrated in Table 2. The most frequently experienced 
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Figure 2. The median fracture strength values (N) for direct (group 5) indirect (group 1 resin 
composite laminates with (groups 2–4) and without fiber reinforcement (group 1) at the 
cementation interface.
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failure types were CF (20/50) and FE (19/50). While 33 restorations out of 50 were 
considered as type 1, 17 out of 50 were classified as type 2 failures.
DISCUSSION
Although  direct  or  indirect  laminate  veneers  offer  restoration  of  missing  dental 
tissues in a minimal invasive approach, the most frequent failures associated with 
indirect laminate veneers are debonding or fracture, and marginal degradation at 
the margins.21 This is an important clinical problem as it relates to the longevity of 
such restorations.
In an attempt to increase the interfacial strength and change the crack propagation, 
in this study, bidirectional E-glass woven fibers were employed at the cementation 
interface  of  indirect  composite  laminate  veneers.  Laminated  composite  plates 
are extensively used in the construction of high performance structures, etc., in 
the aerospace, civil, marine, automotive industry, due to their high stiffness and 
strength, excellent fatigue resistance and long durability. Due to the anisotropy of 
composite laminates and non-uniform distribution of stresses in the laminae under 
either static or dynamic loading, the failure process of laminates is very complex. 
When  such  laminates  are  adhered  to  dentin,  then  the  orientation  of  the  tubuli 
could also contribute to the complexity. Unfortunately, laminated composites have 
relatively poor mechanisms for absorbing energy due to local impact damage where 
loading is normal to the laminae planes.17 For this reason, application of fibers at the 
interface between two or three laminates may change the load bearing capacity of 
the whole structure. However in this study, the application of a 0.06 mm E-glass 
groups: cF  Fe te type 1 type 2
1 4 6 0 7 3
2 5 5 0 8 2
3 2 8 0 8 2
4 6 0 4 4 6
5 3 0 7 6 4
Table 2. Frequency of the failure modes experienced after the fracture test per group with 
representative images. 
CF: cohesive fracture of the veneer restoration cohesive fracture of the veneer restoration; 
FE: adhesive failure between the cementation interface and the laminate with fiber exposure; 
TE: adhesive failure between the cementation interface and the laminate with tooth exposure. 
Type 1 = greater than half of the restoration failure = greater than half of the restoration, type 2 
failure = lesser than half of the restoration.128 129  128 129 
woven fiber layer at the cementation interface did not contribute to an improvement in 
the fracture strength of the laminate material tested. It is well known that the quantity 
and location of the fibers in a composite construction could affect the delamination 
mode of fiber-reinforced composite laminates.13 Based on this information, fiber 
sheet was placed at three locations but the results were not statistically significant. 
Increasing the quantity of fibers could affect the results. However, the thickness of 
the fiber would then impair the marginal adaptation, which would lead to marginal 
discoloration or degradation of the luting cement at the interface. Although small in 
thickness, the interphases have significant effect on the micromechanical behavior 
of fiber-reinforced composites.22 The addition of two layers of the same fiber tested, 
has led to a dramatic improvement in fracture strength values in metal–ceramic 
repairs.20 The current results are in compliance with a recent study where it was also 
reported that the incorporation of single woven E-glass fiber did not increase the 
load-bearing capacity for cusp replacing direct restorations with a beneficial effect: 
however on the failure mode, increasing the re-restorability of the fracture.17
Failure analysis of the fractured laminates in this study showed mainly cohesive 
fracture of the veneer restoration followed by adhesive failure between the cementation 
interface and the laminate with fiber exposure. The cohesive failure of the laminate 
within the resin composite indicates good adhesion of the laminate to either the fiber 
or the cement layer. The strengths of indirect composite restorations were found 
to be significantly lower than those of direct composite restorations, even when a 
resin coating system was employed.23 These favorable results could be attributed 
to the effect of surface conditioning and silanization of the PFC prior to cementation 
as described elsewhere.24 The adhesive failure on the other hand, shows the weak 
link between the fiber and the laminate veneer. Problems associated with adhesion 
of composite to fibers have previously been reported.25 The results may also be 
influenced by the cement type. In this study, MDP-based cement (Panavia F) was 
used since it has been previously reported to deliver the best microtensile bond 
strength results for the resin composite used (Estenia).10 
Clinically, the most favorable failure type to be experienced would be cohesive 
fracture in the composite or bulk fracture covering less than half of the restoration, 
which allows for intraoral repair options. The majority of the failure types in size 
covered more than half of the whole restoration. Fracture below the cement-enamel 
junction was not observed in any of the groups that were considered more difficult 
to repair.19 Future studies should not only report the fracture strength but also the 
failure types of such restorations.
The average masticatory forces in the anterior region vary between 155 and 200N.26 
The results of the current study exhibited mean values ranging between 239 and 
313N,  indicating  that  composite  laminate  veneers  could  be  considered  strong 
enough to withstand masticatory forces. No perfect tooth model presently exists for 
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conducting fracture strength studies. Natural teeth show a large variation depending 
on age, anatomy, size, shape and storage time after extraction, and therefore can 
cause difficulties in standardization. Several studies used steel or resin dies for the 
fracture testing of laminates or crowns.18,27,28 However tooth preparation made on 
steel or resins does not simulate the actual force distribution that occurs on laminate 
veneers cemented on natural teeth. Therefore the results of this study could not be 
directly compared with those of others.
The ratio between the thickness of the restoration and the luting cement appears to 
have a relevant influence on the stress distribution in laminate veneers.29,30 Magne 
et al.31 stated that thin restorations with poor internal fit result in higher stresses at 
both the surface and interface of the restorations. In order to obtain optimal physical 
properties, a minimal thickness of 0.6 mm is required for indirect laminate veneers.32 
Insufficient tooth reduction could lead to an overcontoured final restoration, whilst 
excessive reduction results in an increased reliance upon dentin bonding systems 
to effectively retain and seal the restoration.26 In this study, preparations were made 
using  standard  depth  cutting  burs  since  freehand  preparation  has  the  distinct 
drawback of reducing too much or too little enamel. After preparation, a thin layer of 
enamel with partially exposed islands of dentin was sometimes visible at the labial 
surface. For this reason, a total etch, multiple-step dentin bonding procedure was 
employed during the cementation procedures. Furthermore, cement thickness was 
maintained at the minimum by using the ultrasonic tips working them based on 
oscillation principles. In this cementation technique, the vibration alters the viscosity 
of the cement, eliminates possible air bubbles in the cement and also allows the 
restoration to seat itself easily.
In laminated fiber reinforced composites, crack growth under tensile stresses is 
generally arrested by the fibers.33 By using fibers between the laminae, resistance 
to fatigue crack propagation could be increased and failure then happens only at 
high stress levels. Under the influence of compressive cycle stresses, the damage 
associated with delamination and separation of the fiber reinforced layers, which 
are stacked together to form laminates, must be taken into account. The presence 
of delamination may reduce the overall stiffness as well as the residual strength 
leading  to  structural  failure.  Low  delamination  resistance  causes  delamination 
cracks.33 Future studies should therefore involve fatigue forces and evaluate the 
effect of fibers in such an experimental set-up.
In a 2-year clinical study, resin materials processed under heat and pressure did 
not provide a veneering system that was more compatible with intra-oral stresses 
than  comparatively  rigid  porcelain.34  Although  recently  PFC  materials  improved 
dramatically, microfilled direct composite resins are still not resistant to chipping 
when used at the incisal edge.6 The indirect PFCs have higher flexural fatigue strength 130 131 
than the microfilled direct composites.8 In a study by yamaga et al, it became evident 
that  resin  composites  containing  four  functional  urethane  methacrylate  (UTMA) 
had both hardness and fracture toughness greater than those of two-functional 
urethane methacrylate (UDMA).35 The filler content in the composite tended to be 
linearly proportional to both hardness and fracture toughness. The reason for high 
fracture strength of laminate veneers without fiber reinforcement could therefore be 
attributed to the PFC system used in this study.
Non-significant  fracture  strength  values  obtained  form  direct  laminate  veneers 
versus indirect ones could be related to the polymerization method, where the latter 
was processed in a xenoscopic light polymerization device under heat and light. A 
high degree of conversion results from the use of heat and light used for processing 
laboratory type resin composites. This causes improvement in mechanical strength 
and hardness but on the other hand makes the attachment of the new composite 
to the polymerized composite more difficult.24 In laboratory polymerization devices, 
often thermal, chemical and visible light activation are involved. This procedure 
increases the crosslinking of the resin to a high extent and consequently leads to 
a more brittle material. This could be one of the explanations why the indirect and 
direct composite laminate veneers delivered similar fracture strength results.
CONCLUSION
Within the limitations of this study, the following conclusions were drawn:
1. Direct and indirect resin composite laminate veneers tested in this study    
  showed comparable mean fracture strength values.
2. The use of bidirectional E-glass woven fiber sheet at the cementation interface 
  did not increase the fracture strength of the polymeric indirect laminate veneers  
  significantly.
3. The most frequently experienced failure types were cohesive fracture of the  
  veneer restoration and adhesive failure between the cementation and the   
  laminate interface with fiber exposure. The majority of the fractures covered  
  more than half of the restorations.
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ABSTRACT
Full-coverage bonded porcelain restorations offer predictable treatment options in 
dentistry but some amount of tooth material has to be removed in order to achieve 
place for the required thickness of the restorative material. One of the most important 
aspects of today’s dentistry is the preservation of sound enamel. Following biomimetic 
principles,  employing  minimal  invasive  applications  and  adhesive  technologies 
are of paramount importance for successful restorations. Laminate veneers are 
considered as minimally invasive restorations but also for these restorations sound 
enamel has to be removed. The mock-up technique is advised for delicate removal of 
the required space for thin porcelain veneers. Besides minimal invasive preparation, 
long-term success is determined by the adhesive quality of the laminate veneers. 
Due to these improvements, small indirect restorations could be applied where only 
the very outer superficial layer of enamel needs to be removed. Case reports are 
presented where porcelain laminate veneers and sectional veneers were chosen as 
therapy of choice. A step-by-step protocol is proposed for the cementation of these 
delicate restorations, and finishing procedures are described.
Keywords: Aesthetics, Adhesive cementation, Biomimetics, Enamel preservation, 
Laminates, Minimal invasive Dentistry.136 137  136 137 
INTRODUCTION
Different treatment options can be proposed to restore fractured, misaligned, and 
malformed or hypoplastic anterior teeth. Full coverage crowns are indicated for many 
years but this treatment option is considered as invasive today due to the necessity 
of tissue removal. The great progress in adhesive technologies made conservative 
restorative techniques possible in dentistry. When the colour of the substrate (teeth) 
is acceptable, thin porcelain laminate veneers (0.3 - 0.7 mm) could be indicated. The 
term “minimally invasive” is used also for veneers when they wrap around the teeth.1 
In fact such restorations, the so-called full veneers, cover the buccal and palatal 
surface of the prepared teeth. When severe tooth loss is present due to erosion, a 
wrap-around preparation could not be defined as ‘minimally invasive’ especially when 
the restoration possibilities exist with direct composites or ceramic sectional veneers 
where no sound enamel has to be removed. Restoration of missing dental tissues 
with direct resin composites allow for quick and minimally invasive restorations.2 This 
approach is inexpensive, easy to repair and can provide acceptable esthetic results. 
In a clinical study, patient satisfaction showed no significant difference between 
composite and ceramic laminate veneers immediately after placement of different 
laminate veneer materials.3 However, after two years of clinical service, a significant 
difference was observed where ceramic restorations revealed the best results. In 
another study, the survival rate of three different kinds of veneer restorations were 
reported to be 94% for porcelain, 90% for indirect composite and 74% for direct 
composite.4 On the other hand, when absolute and relative failures were considered, 
no significant influence of the material was observed. Similar findings were observed 
in another clinical study where direct resin composite veneers showed a failure rate 
of 14% in three years of service with small incidence of marginal staining.5
Clinical studies have concluded that bonded porcelain laminate veneer restorations 
present survival rates more than 90% in 10 years of clinical service.6-9 In these 
studies, failures reported were either cohesive ceramic fractures or adhesive failures 
between the cement and the tooth surface, with the majority being fractures of 
the restoration.6-9 Adhesion related failures could be attributed to the level of tooth 
preparation. Particularly in deep preparations, less adhesion could be expected 
compared to enamel. In fact, bond strength of composite cement to enamel was 
reported to be in the range of 40 MPa, sometimes even exceeding the cohesive 
strength of enamel itself.10 Also, in these studies adhesive failures between cement 
and enamel were rarely observed.6-9 Not only fractures but also other failures such as 
micro-leakage and debonding has been reported. In this context, as an alternative 
to  direct  resin  composite  restorations,  small  pieces  of  thin  ceramic  veneers 
“sectional veneers” could be etched and adhered to enamel in order to restore the 
small defects. Staining of composites that is usually a problem with severe smokers, 
could be diminished with ceramics since gloss and aesthetic appearance could 
be maintained for a long time with this material. The preparation for the sectional 
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veneers requires removal of the superficial fluorosed 40 µm layer of enamel only that 
enhances the adhesion to enamel.11 Long-term clinical results on sectional veneers 
are not available to date. However, one of the most important aspects for long-term 
survival with these fragile restorations is the bonding procedure. Hence, the clinical 
success of the bonded porcelain restorations is determined to a great extend by 
the adhesion quality. For the ultimate aesthetic outcome, a minimum resin cement 
thickness at the interface is required since the resin composites are more prone to 
wear and discoloration than the ceramic restoration. 
The following cases describe the minimally invasive treatment of anterior teeth with 
porcelain laminates and sectional veneers to restore aesthetics and function. 
Figure 1. Natural smile of the patient before treatment.
CASE PRESENTATION 1
A 32-year-old female patient was referred to the dental clinic. She complained of 
discomfort caused by her worn anterior teeth. According to the patient anamnesis 
and self-reported history, the reason for wear was identified as bruxism, due to the 
stress she had experienced in the past few years. Clinically, incisal wear and dento-
alveolar  compensation  was  apparent  from  tooth  12  to  22.  Tooth  wear  was  only 
diagnosed in the anterior region (Figure 1). After thorough diagnosis and planning, 
a comprehensive treatment plan that incorporated all the wishes of the patient was 
devised. The treatment procedure consisted of the following stages: 1) lengthening 
of the incisors with direct resin composite, 2) gingival alignment, 3) wax-up/mock-
up and communication on form and position of the incisors and cusps, 4) minimally 
invasive preparation of hard dental tissues using depth cutting burs, 5) cementation 
of the bonded porcelain restorations, and 6) follow-up controls.
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INCISAL LENGTHENING WITH COMPOSITE
Direct composite restorations can serve as a tool in evaluating the esthetic demands 
of the patient.12,13 Lengthening the teeth where needed using direct resin composite is 
an objective tool for communication with the patient and the dental technician. 
GINGIVAL CORRECTION
Pink esthetics had to be created along with correction of the white esthetics.14,15 
Beautiful restorations surrounded by an inharmonious gingival display can have a 
negative impact on the appearance of the smile.15 The least invasive technique to create 
an optimal gingival scallop would be orthodontic intrusion of teeth 11 and 21, which is 
therefore the first choice. However, the patient had undergone orthodontic treatment 
in her early childhood and she did not permit a second orthodontic treatment. 
As an alternative to orthodontics, periodontal plastic surgery is recommended to 
optimize gingival contours before restorative treatment procedures take place and is 
among the first objectives during treatment planning.15 Bone on the maxillary central 
incisors  (teeth  11  and  21)  revealed  a  relative  low  crest  osseous-gingival  tissue 
relationship facially (> 5 mm). In this case, gingivectomy was pursued for crown 
lengthening as the remaining root was supported by healthy periodontium. There 
was an adequate amount of attached gingival available and the post surgery crown-
root ratio was sufficient.16 Atraumatic surgical principles were performed to obtain 
proper healing including: anesthesia, surface disinfection, minimal atraumatic tissue 
handling and short operating time. A high frequency electrosurgery device (PerFect 
TCS II, Coltène Whaledent, Langenau, Switzerland) was used to lengthen the two 
central Incisors. A 6-month observation time was incorporated for healing of the 
gingival tissues.
Figure 2. Anterior view after preparations.140 141  140 141 
TOOTH PREPARATION
For laminate veneers three types of preparations have been described, namely: 
window, overlapped, and feathered preparation. The incisal overlap preparation 
was used in this case report, as the dental technician has maximum control of 
the esthetic characteristics and translucency. In this case, overlap preparation was 
carried out by removing the direct composite restorations. 
An additive diagnostic waxup was used to minimize the reduction of sound tooth 
structure and to compensate for the severe loss of tooth substance. Using the 
diagnostic waxup transferred to a vacuum mold (Copyplast 2 mm, Scheu-dental, 
Iserlohn, Germany) for the mock-up technique, a maximum control on reduction is 
created by only removing a thin layer of enamel or existing resin composite restoration 
that was necessary for the thickness of the porcelain laminate veneer. The mock-up 
was made of a flowable resin composite (Grandioflow, Voco, Cuxhaven, Germany) 
as the composite is easily adapted to the form of the mold. 
Figure 3. View of the thin porcelain laminate veneers.
A chamfer preparation of approximately 0.5 to 0.8 mm is usually advised for the 
outline of ceramic veneers.6,17 However, a uniform preparation of the buccal surface 
was not preferred as enamel thickness was varying in the buccal region of the 
incisors. It has been reported that laminates bonded on sound enamel have a good 
survival rate since the enamel adhesion is excellent.10 Therefore, standard depth 
cutting burs are not advised for laminate veneer preparation, particularly not in older 
patients where enamel thickness is decreased.10,19 In this case, a minimally invasive 
restoration with a preparation depth of 0.1 to 0.3 mm in the cervical region and 0.3 
to 0.7 mm in the buccal region was preferred (Figure 2). The aim was to confine the 
preparation to enamel wherever possible, especially at the finishing line.
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CEMENTATION PROCEDURES 
The surface conditioning sequence of the inner surface of the porcelain laminate 
veneers  and  the  tooth  and/or  restoration  complex  are  summarized  in  Tables 
2 and 3. After making the impression, all veneers were fabricated by one dental 
technician using dye cast feldspathic material (Nobelrondo, Nobel Biocare, Kloten, 
Switzerland) (Table 1). The veneers in the cervical area were approximately 0.1 mm 
in thickness (Figure 3). After split rubber dam placement, all proximal contacts 
and the marginal adaptation of the porcelain laminate veneers were controlled. 
It is very difficult to place the thin veneers in the correct angulations and obtain 
proper contact points. The need for a perfect fit to the preparation is very important; 
otherwise the resin composite cement layer would be too thick. Therefore it was 
decided to place the veneers with a full view of the gingiva, in relation to the other 
teeth. Using a microscope, it was seen that the veneers were placed with good 
control of contamination. A shade match with the color of the selected cement was 
established through the try-in pastes. With no discoloration of the underlying teeth, 
translucent cement offered the best result. 
SURFACE CONDITIONING OF CERAMIC
After cleaning the try-in cement paste, ceramic laminates were conditioned using 
a  4,9%  hydrofluoric  acid  (IPS  Ceramic  etching  gel,  Ivoclar  Vivadent,  Schaan, 
Liechtenstein). It is known that hydrofluoric acid selectively dissolves the glass or 
crystalline components of the ceramic and produces a porous irregular surface.20,21,22 
The  microporosities  in  the  ceramic  increases  the  surface  area  and  leads  to 
micromechanical interlocking of the resin composite. The number and size of the 
leucite crystals at the surface influences the formation of microporosities as a result 
of acid etching. Leucite dissolves better than the surrounding glass components in 
surface conditioning sequence for indirect ceramic restorations
1 Hydrofluoric acid etching (1 minute)
2 Rinsing with copious water (1 minute)
3 Ultrasonic cleaning in distilled water (5 minutes)
4 Silane coupling agent application + waiting for its evaporation (1 minute)
5 Adhesive application (no photo-polymerization)
6 Cement application on the cementation surface of the porcelain laminate 
and sectional veneers
Table 2. Surface conditioning sequence for the inner surface of the porcelain laminates and 
sectional veneers.142 143  142 143 
hydrofluoric acid. This porous surface increases the surface area and the penetration 
of resin into the micro-retentions of the etched surfaces, thereby promoting the 
adhesive bonding.23 
After  etching  with  hydrofluoric  acid,  a  significant  amount  of  crystalline  debris 
precipitates on the ceramic surface.24 The debris contaminates the cementation 
surface, as the access to the undercuts is then diminished. In a microtensile bond 
strength test, it was found that ultrasonic cleaning was necessary to remove the 
debris  from  the  etched  surface.24  Therefore,  the  ceramics  were  subsequently 
ultrasonically cleaned. 
Hydrofluoric acid etching was followed by silanization. Using hydrofluoric acid etching 
with silane, high bond strengths could be created even exceeding the cohesive 
strength of ceramic and the bond strength of resin composite to enamel.25 
The process of silanization after hydrofluoric acid etching diminishes the surface 
tension  of  the  ceramic.  Silane  is  a  coupling  agent  that  couples  the  inorganic 
particles present in the glass ceramics to the organic matrix of the resin cements. 
surface conditioning sequence for the tooth and/or restoration complex
1 Rubberdam application
2 Application of the Mylar strips around the teeth to be conditioned
3 Roughening the enamel with diamond bur and air abrasion
4 Phosphoric acid (38%) etching of enamel (30 seconds)
5 Rinsing with water (1 minute)
6 Adhesive application (no photo polymerization) 
7 Positioning the veneer with the cement
8 Photo polymerization (5 seconds)
9 Removal of the excess resin cement with the probe
10 Application of glycerin
11 Photo polymerization from each direction (each 40 seconds)
12 Removal of excess resin cement with diamond burs
13 Polishing margins with polishing rubbers and polishing paste
Table 3. Surface conditioning sequence for the tooth and/or restoration complex.
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The silanol molecules that are formed after reaction with water react on the silica 
surfaces,  forming  covalent  bonds.26,27  The  organofunctional  group  polymerizes 
with  the  monomer  of  the  resin  composites  with  the  carbon  double  bonds  of 
the silanol. Reported results were also stable after long term water storage and 
thermocycling.22,26 After silanization, 1 minute was allowed for evaporation of the 
ethanol/alcohol and condensation reaction of the coupling molecules.
SURFACE CONDITIONING OF THE TEETH/RESTORATION
The composite surfaces were first silicacoated using CoJet Sand. When existing 
direct composite restorations are present in the anterior teeth, enhancement by new 
restorations or overlapping them with the indirect restorations has the disadvantage 
of removing sound tissue as well as pulpal trauma. With the introduction of silica 
coating and silanization for conditioning dental biomaterials, it is possible to receive 
an acceptable and stable bond to composite.27,28 In an in vitro study, even aged 
composite  specimens  treated  with  the  silica  coating  and  silanization  system 
showed  significantly  higher  bond  strength  values  (46–52  MPa)  than  specimens 
treated with phosphoric acid and adhesive only (16–25 MPa).29 The bond strength 
of indirect restorations to aged resin composites is, besides surface treatment, 
dependent on the unconverted C=C double bonds. These unconverted double 
bonds can contribute to the adhesion of the luting cement to the existing composite 
restorations. Recent studies demonstrated that conditioning the composites with 
silica coating, followed by silanization, increased the bond strengths of resin-based 
materials to indirect composites when compared to acid etching and silanization, or 
using airborne particle abrasion with alumina followed by silanization.30,31 
After preparation, surface treatment of the teeth was achieved with 30 seconds 
etching of the enamel (38% phosphoric acid, Ultradent, USA), and rinsing followed 
by adhesive application (Excite, Ivoclar Vivadent, Liechtenstein). The adhesive was 
not polymerized separately but together with the cementation material. It is not 
uncommon that, particularly in the gingival third of a veneer preparation, dentin 
will be exposed due to the thin initial layer of enamel present at this site. Higher 
failure rates were seen when dentin was exposed as the cementation procedure 
becomes more critical and more difficult to achieve than the resin-enamel bonding.32 
Therefore, exposed dentin can be protected by means of a dentin bonding agent 
immediately after preparation.33,34 The so-called immediate dentin sealing revealed 
better  results  In  vitro  than  the  delayed  method.34  This  relatively  new  technique 
may prevent bacterial leakage and dentin sensitivity during the temporary phase. 
However, with the application of thin laminate veneers, involvement of the dentin 
was diminished. In deeper preparations, this approach could be followed.
CEMENTATION OF THE LAMINATE VENEERS
With thin veneers, thickness of the luting cement can have a relevant influence on 144 145  144 145 
the stress distribution in the porcelain veneers. In a finite element analysis, Magne 
et al.35 concluded that laminate veneers that were too thin with a poor internal fit, 
resulted in higher stresses at both the interface of the restoration and the surface. 
This could lead to post-bonding cracks in thin laminate veneers. Therefore, it was 
advised that the ceramic had to be more than three times the thickness of resin 
composite cement. On the other hand, after cyclic loading, flaws seemed to occur 
when a thin laminate (<600 µm) was cemented with an increased thickness of 
luting composite (>200 µm).39 When porcelain is prepared very thin to minimize the 
preparation of sound tooth structure, a good internal fit has to be created. 
Using a resin composite cement, total control on the seating of the restoration was 
created. During cementation, a quick photo-polymerization of 5 seconds, prior to 
total polymerization, helps the clinician to stabilize the restoration and remove the 
excess luting cement without damaging the restoration surface and the soft tissues. 
After excess removal, glycerin gel was applied at the margins to prevent formation 
of an oxygen inhibition layer and thereby total photo-polymerization was performed. 
Excess of resin composite was removed using scalers, and margins were polished 
using ceramic polishers. After the end of the treatment, as a preventive measure, a 
splint was planned. However, upon objection of the patient, this was not pursued. 
At baseline and 1.5 years of follow-up, patient satisfaction was noted as very high. 
A harmonious view was achieved in both frontal and lateral aspects (Figure 4). The 
patient is being monitored for a longer duration.
Figure 4. Natural smile of the patient 1.5 years after treatment.
CONCLUSION
This case report describes a minimally invasive treatment approach for obtaining both 
esthetic and reliable function in the treatment of incisal wear. The diagnostic mock-
up and the adhesive procedures were important for the outcome achieved. Based on 
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the available information from clinical and in vitro studies, a cementation protocol is 
proposed especially when composite restorations exist next to the enamel.
CASE PRESENTATION 2
A 26-year-old female dental student was concerned with her fractured composite 
restoration on her anterior tooth, cervical marginal discoloration of the composite 
and  the  black  triangle  between  the  central  incisors.  The  patient  reported  that 
another dentist placed the restorations in situ several years ago to restore her peg 
shaped laterals (Figure 5). The resin composite material used was a micro-hybrid 
resin composite (Anterior Shine, Cavex, The Netherlands). She also reported that 
during restoration of her teeth with resin composites, her maxillary right canine was 
damaged by the diamond bur during finishing of the restorations but left untreated. 
The patient did not show any periodontal problems or caries lesions.
Figure 5. Intraoral view, showing the fracture on tooth 12, damage on the mesial side of tooth 
13, the black triangle and discoloration of the outlines of the direct composite resin veneer. 
After  collecting  all  data  using  the  checklist  of  esthetical  items  and  schematic 
presentation of the clinical procedures, the treatment options were discussed with 
the patient.36 As a dental student , she w as conscious o f preserving the dental  
tissues and she did not want to sacrifice sound enamel. However, she expressed 
some  expectations  regarding  to  the  position  of  the  teeth,  colour  and  surface 
texture. A comprehensive treatment plan was made as follows: 1) removal of the 
resin composite restorations, 2) impression making, 3) roughening the teeth and 
controlling the fit of the restorations and 4) adhesive cementation, finishing and 
polishing of the bonded porcelain restorations. 
The products, types, manufacturers and compositions of the materials used in this 
case report are listed in Table 1.146 147  146 147 
PREPARATION 
In this case, an incisal overlap preparation was made, to enable the dental technician 
for maximum control on the esthetic characteristics and translucency. For sectional 
veneers  no  preparations  were  made  except  removal  of  the  resin  composite 
restorations (Figure 6). Although veneer preparations were into the enamel only, an 
acrylic resin provisional restoration was positioned over all prepared teeth using the 
spot etch technique to prepare minimally. 
Figure 6. Intraoral view after removal of the direct resin composite restorations. 
FABRICATION OF LAMINATE VENEERS AND SECTIONAL VENEERS
For fabrication of laminates and sectional veneers (Vintage Al porcelain, Shofu, 
Japan), refractory dies were used in combination with alveolar models to achieve 
better harmony with the gingival outline. Glass ceramic restorations were baked on 
the refractory dies. For the sectional veneers of 0.01 to 0.5 mm thickness, small 
portions of dentin and different kinds of translucent ceramic powders were mixed 
according to the manufacturer`s instructions. The porcelain laminates were 1 to 1.5 
mm in thickness because of the coned teeth morphology. Restorations on these teeth 
needed some deep dentin masses. Porcelain surfaces were stained to obtain the 
naturally looking surface texture. The restorations were finished using stones (Dura-
green stones, Shofu), diamond burs, abrasive papers (Meister Cones, Noritake, 
Japan) and final fine polish was performed using Pearl Surface F (Noritake).
CEMENTATION 
Surface conditioning the inner surface of the porcelain laminates and sectional 
veneers, and cementation sequences of these restorations are presented in Tables 
2 and 3. 
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After rubberdam placement, adaptation at the marginal and proximal contacts was 
controlled under microscope (Figure 7). With the translucent sectional veneers, it 
is important to control the colour of the restorations with a try-in paste (Variolink 
try-in paste, Ivoclar Vivadent, Schaan, Liechtenstein). At this stage, the restorations 
should present a chameleon effect. With the laminate veneers, the same colour as 
the restoration and tooth were used to acquire an invisible margin.
Figure 7. Testing fit of the restoration.
SURFACE CONDITIONING OF CERAMIC
After 4,9% Hydrofluoric etching the laminates and sectional veneers with hydrofluoric 
etching gel, they were ultrasonically cleaned to remove the remnants of dissolved 
particles of porcelain on the surface that diminishes the access of the adhesive to 
the undercuts.37 
Hydrofluoric acid etching was followed by silanization. Silane, a coupling agent, 
couples the inorganic particles present in the glass ceramics to the organic matrix 
of the resin cements. Using the hydrofluoric acid followed by silane, high bond 
strengths could be obtained, even exceeding the cohesive strength of ceramic and 
the bond strength of resin composite to enamel.37
SURFACE CONDITIONING OF THE TEETH
Before  adhesive  procedures  were  pursued  on  the  teeth,  superficial  outer  layer 
of enamel was removed using diamond burs. This procedure is debated in the 
literature. When 40 µm of fluorosed enamel was removed, the resin-enamel bond 
strength was improved.11,38 In the control group without fluorosed enamel, some 
adhesives (Clearfil Protect Bond, Kuraray) performed better on prepared enamel, 
whereas other adhesives (Optibond FL, Kerr) peformed similar on enamel with and 
without preparations. After preparation, enamel surfaces were conditioned using an 148 149  148 149 
etch-and-rinse adhesive bonding procedure namely, etching enamel for 30 seconds 
(38% phosphoric acid, Ultradent, USA) followed by an adhesive application (Excite, 
Ivoclar Vivadent). 
CEMENTATION OF THE LAMINATE VENEERS 
For  sectional  veneers,  which  are  very  thin  restorations,  thickness  of  the  luting 
cement could have an impact on the stress distribution at the adhesive interface-
restoration complex.35 In an in-vitro study, where thin laminates were cemented with 
an increased thickness of luting composite, flaws were observed at the margins 
after cyclic loading.39 According to the results, ceramic-luting composite ratio above 
3.0 was stated to be favourable.39
Figure 8. Final intraoral view after placement of the porcelain laminates and sectional veneers.
In another in-vitro study,40 increase in cement thickness delivered a gradual decrease 
in fracture strength of the porcelain. Liu et al.41 obtained similar results in a finite 
element study where a cement thickness less than 50 µm was proposed in order to 
reduce the adhesive failures between the cement and the enamel. Therefore, in this 
case the adaptation of the restoration was controlled under microscope and during 
the laboratory procedures no dye spacer was used to achieve an optimal adaptation 
of the restoration with a minimum thickness of resin composite cement. Adhesive 
cement was then applied on the inner surfaces of the restorations before insertion. 
After removal of the excess, glycerine gel was applied at the margins to prevent an 
oxygen inhibition layer. Restorations were photo-polymerized from each direction. 
Excess resin composite was removed using an explorer and margins were finished 
and polished using diamond burs, rubber-points and diamond polishing paste. Final 
result met the expectations of the patient (Figure 8). The patient is assigned for 
long-tem follow up. 
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CONCLUSION
This  case  report  presented  restoration  of  anterior  dentition  using  porcelain 
laminates and sectional veneers. Adhesion, finishing and polishing procedures are 
described in detail, which are considered to be key factors for the clinical success 
of such restorations. Porcelain laminates and sectional veneers could be alternative 
treatment options to conventional prosthetic approaches.
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GENERAL DISCUSSION AND FUTURE PERSPECTIVES
This thesis evaluated several aspects of the adhesive features of luting cements and 
laminate veneer materials of different kinds on different substrates, and assessed 
their clinical performance.
METHODOLOGy (IN VITRO)
The aging of restorations in the aggressive oral environment occurs as a consequence 
of complex events that are almost impossible to simulate in vitro. In this thesis, in 
order to simulate this phenomenon to some extent, 6,000 cycles of thermocycling 
were performed, which was slightly above the recommendations of ISO 11450 where 
the resin composite specimens representing existing composite restorations were 
subjected to thermal stresses between 5°C and 55°C in an aqueous environment 
(Chapter 2). Water storage and thermal stresses have deleterious effects on the 
structural and physical integrity of resin composites.1 This aging simulation method 
results in monomer leaching and the disintegration of silanized fillers from the matrix, 
promoting cracks in the matrix.2-4 Although such simulation methods do not involve 
chewing forces and dietary intake, the aging effect on the surfaces of resin composites 
could still be considered aggressive. An exact correlation cannot be made, but some 
authors claim that 10,000 cycles corresponds to one year of clinical aging.5 
Aging of the substrate resin composites diminished the shear bond strength of 
both the indirect composite and ceramic materials in combination with two resin 
cements. However, the failure types were more cohesive in the substrate with the 
indirect composite than in the ceramic one. The required bond strength for durable 
restorations in vivo is still unknown. The results ranged from 12 to 19 MPa when 
laminate materials were bonded to aged composites. In this part of the thesis study, 
only the simulated existing restoration was aged. In fact, in the oral environment, 
the bonded interfaces are also prone to aging. This was not simulated since it is still 
argued as to whether or not aging of the bonded composite materials significantly 
diminishes the bond strength owing to further polymerization in the water bath at 
55°C.6,7 Hence, development of protocols for the aging of the bonded interfaces is 
of future interest.
EXISTING RESTORATIONS
In the bond strength measurements, the very top layer of the aged resin composite 
was not removed in order to eliminate the possible effects of drilling action. However, 
clinically the top composite layer is always removed to gain space for the material. 
The chemistry of deeper parts of the composite may be different compared with 
the surface layer. In deeper preparations, the degree of polymerization has been 
shown to be less due to the mismatch in the refractive index between monomer 
and filler.8,9 Therefore, some unreacted polymers may still be present at the deeper 
surfaces, which can copolymerize with the methacrylate groups in the silane.8 In 156 157  156 157 
the subsequent in vitro study (Chapter 3), the outer aged layer of composite was 
removed similar to clinical preparation procedures. Interestingly, the fracture strength 
and cyclic loading results of ceramic laminates bonded to the aged resin composites 
produced significantly better results than those bonded to teeth prepared in dentin 
and/or enamel. Ceramic laminates bonded to teeth containing Class III and Class 
IV resin composites presented with higher fracture strength than those bonded to 
enamel/dentin, yet the difference was not significant. The adhesive failure types 
between the luting cement and the dentin, but not between the composite observed 
in this study, indicated that laminate veneers could be successfully bonded onto 
existing restorations.
The series of clinical studies in this thesis applied the findings from the in vitro 
studies during the cementation protocols of the laminate veneers. The follow up 
periods of all three clinical studies were a maximum of up to 40 months, which 
could be considered relatively short. Certainly, the failures observed during this 
short follow up represent only early failures, but provide insight into the performance 
of the laminate veneers until long-term data are available.
In the clinical study on the performance of the microhybrid composites, neither 
the material types nor the presence of small or large resin composite restorations 
statistically  affected  the  estimated  survival  rate  (Chapter  4).  The  incidence 
of absolute clinical failures was higher with the direct composites (82.7 to 90.6 
percent) than with indirect ceramic laminate veneers (93.5 to 96 percent) (Chapter 
6). The lower survival rate with the direct resin composites could be attributed 
to their lower flexural strength compared with the ceramic ones. In our opinion, 
because of the limited observation time, the failure types provide more information 
than the estimated survival rates. The failed laminate veneers did not always debond 
or fracture from the existing restoration surfaces, demonstrating that adhesion to 
enamel/dentin could be improved. Apparently, when the adhesive is better between 
the luting cement and the conditioned resin composite compared with the adhesion 
between the enamel/dentin and the luting cement, delamination or fracture occurred 
from the tooth’s surface. Thus, existing restorations could not be considered solely 
responsible for the failure incidences. In evaluating these findings, it should be noted 
that the number of bonded laminate veneers was higher on existing restorations (84 
out of 96 in Chapter 4, and 66 out of 92 in Chapter 5) than on intact teeth.
In order to save sound enamel tissues, preparations were not extended to the palatal 
sides of the teeth to overlap the existing restorations. Although more stresses and 
microleakages were expected in finite element studies in these situations,10 and in 
a clinical study a dramatic increase was observed in microleakage results from 5 to 
10 years on the laminates bonded to existing restorations,11 such observations were 
not made in the clinical studies included in this thesis.
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METHODOLOGy (IN VIVO)
One of the other objectives of this thesis was to compare the performance of two 
materials of different natures in the same patient. The challenge of performing this 
part of the thesis study was accepting the risk of possible changes on the optical 
properties of the two materials over time. Surface degradation of resin-based materials 
was already known from previous studies,3,4,12 which creates some prejudice against 
the indication for resin composites among clinicians. This study was basically set to 
observe the changes and relate them over time. The modified split-mouth design, 
applying the same type of materials on symmetrical teeth, allowed us to reduce the 
risk of possible noticeable changes (Chapter 6). The estimated survival rates were 
not significantly different between the two materials when absolute failures were 
considered in this population of patients. 
Perhaps relative failure types are more important than absolute failures, especially 
when evaluating resin composite laminate veneers. After 3 years of function, according 
to USPHS criteria, none of the cases presented with colour mismatch compared with 
the adjacent teeth (scores 2 to 4), and there was no severe surface roughness (scores 
2 and 3) and obvious marginal discoloration (scores 2 and 3). The only obvious finding 
was the surface roughness of the indirect composite veneers, where more incidences 
of slightly rough surfaces were observed until final recall. None of the patients noticed 
this difference, but the evaluators did. Fortunately, owing to saliva the slight surface 
roughness was not noticeable. As long as scores of 2 and 3 are not observed that 
require re-finishing and/or re-polishing procedures, this surface change could be 
considered clinically acceptable. Whether surface changes would lead to plaque 
adhesion and subsequent periodontal problems is not known, and will be evaluated in 
the future. Regarding the relative failures based on the results of this clinical study, for at 
least 3 years, both ceramic and indirect composites could be considered successful. 
In the clinical study on direct laminate veneers using microhybrid composites, the 
relative failures in terms of surface roughness, adaptation, and marginal discoloration 
was higher than with indirect composite laminates. After the early results, the quality 
of indirect laminates could be considered superior to those of the direct ones. 
USPHS criteria have certain advantages for systematically evaluating the quality of 
restorations, but have certain limitations. One example is determining colour match. 
Owing to patient’s requests, sometimes lighter shades than their own dentition are 
chosen for restorations. This may initially be interpreted as a mismatch, but with the 
colour change in the natural dentition, the mismatch may be less evident over time. 
The ideal way would be to measure the colour of the restorations at baseline, then 
compare the colour change within the same material rather than comparing with 
only the natural tooth. Some modifications and more standardization are absolutely 
necessary  to  evaluate  the  restorations  since  USPHS  still  remains  a  subjective 
measurement method. 158 159  158 159 
The wear of the laminate veneers and the antagonist teeth were not evaluated by 
means of the replica method, but observed only visually, and no wear facets were 
visible. Future studies may observe this aspect at the microscopic level.
Recent trends emerged for cementation applications at indirect laminate veneers 
that suggested sealing of the dentin surfaces with adhesive resin prior to making the 
impression.13,14 This is done in order to prevent contamination of the dentine tubuli 
during the temporarization period. Adhesion of the luting cement is also claimed to 
not be impaired because of dentin contamination. Early incidences of post-operative 
sensitivity that usually disappeared after 2 weeks, which were observed in all clinical 
studies, could be diminished in future studies using immediate dentin sealing.
FIBRES
In an attempt to reduce the fractures in laminate veneers, in one in vitro study 
the effect of fibre sheets at the cementation interface at different locations were 
evaluated on the fracture strength of indirect composite laminate veneers (Chapter 7). 
The clinical results showed mainly cohesive fractures within the indirect composites 
without delamination, but more delamination and fractures were observed in direct 
applications. Therefore, application of fibre sheets for direct laminate veneers could 
be an option. 
CONCLUDING REMARKS
Early results of the series of clinical studies presented in the studies included in 
this thesis may not change the choice of ceramics over composites or vice versa. 
Long-term observations are still needed on the fatigue properties and aging levels 
of these materials. 
Reducing sound dental hard tissue loss and improving patient comfort from less 
drilling should be considered great strides towards less invasive dentistry techniques. 
However, implementing this concept also requires knowledge and experience in 
the application of adhesion protocols. Each substrate type (i.e. enamel, dentin, 
and resin composite) requires different surface-treatment methods that make the 
whole cementation procedure more complex. Hopefully, in the near future, more 
simplified adhesive promoters will be developed. Similarly, loss of the surface lustre 
of the resin-based restorative materials over a relatively short period still needs to 
be improved. Until such progress is made, sectional ceramic veneers (Chapter 8), 
despite their high costs, could serve as alternatives to resin composites. 
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SUMMARy
Due to the great progress in adhesion to hard dental tissues over the last few 
decades the technique of full coverage crowns is considered today as an invasive 
approach. Preservation of enamel is obtained by the indication of laminate veneers 
instead of full crown preparations. Laminate veneers require minimal preparation 
thickness of 0.3–0.8 mm, which is approximately one-quarter to one-half of the 
amount of tooth reduction compared with conventional complete-coverage crowns. 
Composite or ceramic materials are used for laminate veneers. These materials 
have different advantages and disadvantages. No consensus is available on which 
material should be used.
Since retention of the laminate restorations does not rely on mechanical principles, 
cementation is the key factor for long-term success. In teeth, restored with multiple 
discoloured resin composite restorations, many clinicians will choose for the ‘stable’ 
full crown restoration or extended veneers with incorporation or removal of the 
existing restorations. Replacing the existing direct resin composite restorations by 
new restorations or removing them for indirect restorations has the disadvantage of 
removing sound tissues as well as an increasing possibility for pulp trauma. Due to 
new surface conditioning methods, existing restorations can be pre-treated instead 
of removal. As fibers reinforce different treatment modalities in restorative dentistry 
it could be anticipated that fibers can reinforce the interface of laminate veneers to 
teeth.
Therefore, the general aim of this thesis was to evaluate the adhesive strength of 
different kinds of materials for laminate veneers to tooth substrate and existing 
restorations.
An in-vitro study is presented in cHaPter 2 on the bond strength of non-aged and 
aged resin composite to an indirect composite resin and pressed glass ceramic 
using two resin cements. Disk shaped specimens (diameter: 3.5, thickness: 3 mm) 
(N = 160) produced from a microhybrid resin composite (quadrant Anterior Shine) 
were randomly divided into eight groups. While half of the specimens were kept dry 
at 37ºC for 24 h, the other half was aged by means of thermocycling (6,000 times, 
5ºC to 55ºC). The non-aged and aged resin composites were bonded to a highly 
filled indirect composite (Estenia) and a pressed glass ceramic (IPS Empress II) using 
either a photopolymerizing (Variolink Veneer) or a dual-polymerizing (Panavia F2.0) 
resin cement. While cementation surfaces of both the direct and indirect composite 
materials were silica coated (30 µm SiO2, CoJet-Sand) and silanized (ESPE-Sil), 
ceramic surfaces were conditioned with hydrofluoric acid (20 seconds), neutralized 
and silanized prior to cementation. All specimens were cemented under a load of 750 
g. Shear force was applied to the adhesive interface in a universal testing machine (1 
mm/min). Failure types of the specimens were identified after debonding. Significant 164 165  164 165 
effects of aging (p < 0.05), restorative material (p < 0.05), and cement type (p < 0.05) 
were observed on the bond strength (3-way ANOVA). Interaction terms were also 
significant (p < 0.05) (Tukey’s test). After aging, in terms of bond strength, indirect 
composite and pressed glass ceramic in combination with both cements showed 
no significant difference (p > 0.05). Both indirect composite (24.3 ± 5.1 MPa) and 
glass ceramic in combination with Variolink (22 ± 9 MPa) showed the highest results 
on non-aged composites, but were not significantly different from one another (p > 
0.05). On the aged composites, indirect composite and glass ceramic showed no 
significant difference in bond strength within each material group (p > 0.05), with both 
Panavia (17.2 ± 6 and 15 ± 5.5 MPa, respectively) and Variolink (19±8, 12.8±5.3 MPa, 
respectively), but in all groups, glass ceramic-Variolink on aged composite revealed 
the  lowest  results  (12.8  ±  5.3MPa).  Among  all  groups,  predominantly  cohesive 
failures were experienced in the indirect resin composite substrate (79 out of 80) as 
opposed to the ceramic (18 out of 80) (p < 0.05) (Chi square). Regardless of the resin 
cement type, considering the bond values and the failure types, the adhesion quality 
of indirect composite cemented to non-aged and aged resin composite was superior 
with both cements compared to pressed glass ceramic.
The aim of the study in cHaPter 3 was to evaluate the effect of static and cyclic 
loading on ceramic laminate veneers adhered on aged resin composite restorations. 
Eighty  sound  maxillary  incisors  were  collected  and  randomly  divided  into  four 
groups: group 1: control group, no restorations; group 2: two Class III restorations; 
group  3:  two  Class  IV  restorations;  group  4:  complete  composite  substrate. 
Standard composite restorations were made using microhybrid resin composite 
(Anterior Shine). Restored teeth were subjected to thermocycling (6,000 cycles). 
Window preparations were made on the labial surface of the teeth for ceramic 
laminate fabrication (Empress II). Teeth were conditioned using an etch-and-rinse 
system. Existing composite restorations representing the aged composites were 
silica-coated (CoJet) and silanized (ESPE-Sil). Ceramic laminates were cemented 
using bis-GMA based cement (Variolink Veneer). The specimens were randomly 
divided into two groups and were subjected to either static (Groups 1a, 2a, 3a, 4a) 
or cyclic loading (Groups 1b, 2b, 3b, 4b). Failure type and location after loading were 
classified. Data were analyzed using One-way ANOVA and Tukey`s test. Significantly 
higher fracture strength was obtained from Group 4 (330 ± 81 N) compared to the 
controls in group 1 (179 ± 120 N) (one-way ANOVA, p < 0.05). Group 1b survived 
a lower mean number of cyclic loads (673x103 cycles) than teeth of groups 2b 
to 4b (846x103 to 873x1 0 3 cycles). Failure type evaluation after the fracture test 
showed  predominantly  adhesive  failures  between  dentin  and  cement,  but  after 
cyclic loading, more cohesive fractures in the ceramic were seen. Ceramic laminate 
veneers bonded to conditioned aged composite restorations provided favorable 
results. Surface conditioning of existing restorations may eliminate the necessity of 
removing aged composite restorations.166 167  166 167 
In cHaPter 4 a randomized, split-mouth clinical study evaluated the survival rate of 
direct laminate veneers made of two resin-composite materials. A total of 23 patients 
(mean age: 52.4 years old) received 96 direct composite laminate veneers using two 
micro-hybrid composites in combination with two adhesive resins (Ena-Bond-Enamel 
HFO: n=48, Clearfil SE Bond-Miris2: n=48). Enamel was selectively etched with 38% 
H3PO4 for 30 seconds, rinsed 30 seconds and the corresponding adhesive resin was 
applied accordingly. Existing resin composite restorations in good conditions (small or 
big) were not removed but conditioned using silica coating (CoJet) and silanized (ESPE-
Sil). Restorations were evaluated at baseline and thereafter every 6 months. Additional 
qualitative analysis was performed using modified USPHS criteria. Mean observation 
period was 41.3 months. Altogether, 12 absolute failures were observed [survival rate: 
87.5%] (Kaplan-Meier). The survival rates with the two resin composites did not show 
significant differences [Enamel HFO: 81.2%, Miris2: 93.8%] (p > 0.05). The presence 
of existing composite restorations on the prepared teeth did not affect the survival rate 
significantly (intact teeth: 100%, small restorations: 90.6%, large restorations: 82.7%) 
(p > 0.05). Surface roughness and marginal discoloration were the main qualitative 
deteriorations  observed  until  the  final  recall.  Secondary  caries  and  endodontic 
complications did not occur in any of the teeth. Early findings of this clinical study with 
the two micro-hybrid composite laminate veneers showed statistically similar survival 
rate and their clinical performance was not significantly influenced when bonded onto 
intact teeth or onto teeth with existing restorations with the protocol applied.
The aim of cHaPter 5 was to evaluate the survival rate of ceramic laminate veneers 
adhered to teeth with and without existing restorations. A total of 20 patients (mean 
age: 49.7) received 92 feldspathic ceramic laminate veneers (Shofu Vintage AL, Shofu) 
on the maxillary teeth (intact teeth: n=26; teeth with existing composite restorations: 
n=66). Window preparations with incisal overlap were made and existing restorations of 
good quality were not removed but conditioned using silica coating (CoJet, 3M ESPE) 
and silanization (ESPE-Sil, 3M ESPE). Enamel and dentin were etched with 38% H3PO4 
for 15-30 seconds, rinsed 30 seconds, adhesive resin (Excite, Ivoclar Vivadent) was 
applied and laminate veneers were then cemented (Variolink Veneer, Ivoclar Vivadent). 
Restorations were evaluated at baseline and thereafter every 6 months using modified 
USPHS criteria. Mean observation period was 21.6 months. Altogether, 5 absolute 
failures were encountered (fractures: n=3; chipping: n=1; debonding: n=1). Overall 
survival rate was 94.6% (Kaplan-Meier). The survival rates of the ceramic laminates 
bonded to teeth without (96%) and with existing resin composite restorations (93.5%) 
did not show significant differences (p > 0.05). In addition to the absolute failures, minor 
adaptation defects (16 of 87 laminates) and slight staining at the margins were noted (12 
of 87 laminates) until the final recall. Secondary caries and endodontic complications 
did not occur in any of the teeth. The clinical survival of ceramic laminate veneers up to 
40 months was not significantly influenced when they were bonded onto intact teeth or 
onto teeth with existing restorations with the protocol applied.166 167  166 167 
In cHaPter 6 a split mouth randomized clinical trial was performed to evaluate 
the survival rate of indirect composite and ceramic laminate veneers. A total of 10 
patients (mean age: 48.6 years old) received 46 indirect resin composite and ceramic 
laminate veneers (Estenia; n=23, IPS Empress Esthetic; n=23) on the maxillary 
anterior teeth. Veneer preparations with incisal overlap were performed and existing 
resin composite restorations of good quality were not removed but conditioned 
using silica coating (CoJet) and silanization (ESPE-Sil). Enamel and dentin were 
etched and rinsed, adhesive resin (Excite) was then applied. After cementation 
(Variolink Veneer), restorations were evaluated at baseline and thereafter every 6 
months using modified USPHS criteria. Seventeen laminate veneers were bonded 
onto intact teeth and 29 on teeth having existing resin composites. Altogether, 3 
failures were observed in the form of debonding (n= 1) and fracture (n= 2) with the 
resin composite laminate veneer. No significant difference was observed between 
the survival rates of composite and ceramic laminate veneers [Estenia: 87%, IPS 
Empress  Esthetic:  100%]  (p  >  0.05).  Overall  survival  rate  was  93.5%  (Kaplan-
Meier). Of the 43 laminate veneers, minor voids and defects were observed in 6 of 
the composite and 3 of the ceramic veneers. Slight staining at the margins (n=3) 
and slightly rough surfaces were more frequently observed for the resin composite 
laminate veneer (n=18) until the final recall. Early findings of this clinical trial on two 
veneer materials showed statistically similar survival rates. Surface quality changes 
were more often in the composite veneer material.
The objectives of cHaPter 7 were to compare the fracture strength of direct and 
indirect laminates and to evaluate the effect of woven fiber application at the cement 
interface. Preparations on canines (N=50, n=10/per group) were made with a depth 
cutting bur. Forty indirect laminates using a highly filled polymeric material (Estenia, 
Kuraray) and 10 direct laminates (quadrant Anterior Shine, Cavex) were prepared to 
each manufacturers’ instructions. E-glass woven fibers (Everstick, Sticktech) were 
applied at different locations in the cementation interface (Panavia, Kuraray). In the 
control group no fibers were applied. The specimens were stored in 37oC water for 
one month prior fracture test that was performed in a universal testing machine 
where the incisal load was applied at 137°. No significant difference was found 
between the 5 groups (p > 0.01) (One-way ANOVA). While indirect laminates showed 
a mean fracture strength of 246 ± 46N, direct laminates revealed 239 ± 104 N. The 
use of glass fibers at the interface did not increase the fracture strength significantly 
(286-313 N). Failure analysis showed that the adhesion of the resin cement was 
poor on the fiber, leaving the fiber exposed after fracture test in more than 50% of 
the specimens. The use of woven glass-fibers at the cementation interface could 
not be recommended to increase the fracture strength. In this study indirect and 
direct composite laminates presented statistically similar mean fracture strengths.168 169  168 169 
In  cHaPter 8  two  cases  were  described  in  which  patients  were  treated  with 
minimal invasive restorations. In case 1 a mock-up technique was used for minimal 
invasive tooth preparation prior to placement of thin laminate veneers. The adhesive 
protocol was described in detail. In case 2, a treatment option is described by using 
sectional veneers. These restorations are less invasive than full veneers as they 
restore dental hard tissues, hardly without removing sound enamel. 
cHaPter 9 discussed the findings and the relation between the laboratory and 
clinical studies of this thesis. Clinical implications were given and recommendations 
for future research were formulated.
RELATED TO THE SPECIFIC OBJECTIVES, THIS THESIS SUGGEST THAT:
- Existing composite restorations can be surface conditioned prior to laminate  
  veneer cementation and removal of these restorations may not be neccessary. 
- Both resin composites and ceramics could be advised as laminate materials.  
  Surface changes were more common for resin composites. 
- E-glass fibers at different locations in the cementation interface did not increase  
  fracture strengths of laminate veneers.168 169  168 169 Nederlandse Samenvatting
(Dutch Summary)172 173  172 173 
NEDERLANDSE SAMENVATTING
Door de ontwikkeling van adhesieve materialen aan tandweefsel wordt het plaatsen 
van de volledige kroon de laatste jaren als een invasieve behandeling gezien. In 
vergelijking met volledige kronen kan met behulp van facings veel gezond glazuur 
behouden blijven. Facings vereisen een minimale dikte van 0,3 tot 0,8 mm, wat 
ongeveer een kwart is van de dikte voor de preparatie van volledige kronen. 
Zowel  composiet  als  porselein  kan  worden  gebruikt  voor  het  vervaardigen  van 
facings. Deze materialen hebben verschillende voor- en nadelen. Er bestaat tot op 
heden nog geen consensus welk materiaal moet worden gebruikt.
Omdat de retentie van facings niet alleen op mechanische principes vertrouwt, 
is  het  cementeren  hiervan  belangrijk  voor  het  langetermijnsucces.  Als  er  in 
tanden verschillende verkleurde composietrestauraties aanwezig zijn, zullen veel 
tandartsen kiezen voor de ‘stabiele’ volledige kroon, of uitgebreide facings waarbij 
de  bestaande  restauraties  worden  verwijderd  of  overkapt.  Het  vervangen  van 
directe composietrestauraties voor nieuwe, of het verwijderen ervan voor indirecte 
restauraties, heeft als nadeel dat nog meer gezond glazuur wordt verwijderd, met 
daarbij een verhoogde kans op pulpaschade. Door de nieuwe oppervlaktemodificaties 
kunnen restauraties worden voorbehandeld om de hechting te verbeteren in plaats 
van verwijderd.
Glasvezels  hebben  zich  al  bewezen  op  andere  gebieden  in  de  tandheelkunde. 
Daarom zal ook worden gekeken of glasvezels de interface tussen de tand en de 
facing kunnen versterken.
Het doel van het onderzoek dat onderwerp is van dit proefschrift, is om de sterkte 
van de verschillende materialen voor facings te testen en om de adhesieve kracht 
aan tandweefsel en aanwezige restauraties te evalueren.
In HooFDstUK 2 wordt in een laboratorium de hechtsterkte gemeten van verouderde 
en niet-verouderde composieten aan indirecte composiet en glaskeramiek. 
Cilinders (diameter 3,5 mm; dikte 3 mm) (N=160) gemaakt van een microhybride 
composiet (quadrant Anterior Shine) werden willekeurig verdeeld in acht groepen. 
De helft van de cilinders werd thermisch verouderd (6,000x, 5-55° C), de andere 
groep werd droog bewaard (37° C gedurende 24 uur). De cilinders werden vervolgens 
gecementeerd op een indirecte composiet met hoog vulstofgehalte (Estenia) of 
keramische disks (IPS Empress II) met een lichtuithardend (Variolink Veneer) of 
chemisch en lichtuithardend cement (Panavia F2.0). Zowel de oppervlaktes van 
de directe composiettubes als de indirecte composietdisks werden gesilicatiseerd 
(30 µm SiO2, CoJet-Zand) en gesilaniseerd (ESPE-Sil). De keramische oppervlaktes 
werden  behandeld  met  hydrofluoridezuur  (20  seconden),  geneutraliseerd  en 
gesilaniseerd voor cementeren. Alle proefstukjes zijn gecementeerd onder een druk 
van 750 gram. De afschuifkracht is aangebracht op de cement-interface (1 mm/172 173  172 173 
min). De wijze van fractureren van de proefstukjes werd vastgesteld na testen.
Een significant effect van het verouderen op de cilinders (p < 0,05) en de oppervlakte-
cementcombinaties (p=0,003) was zichtbaar (2-way ANOVA). Interacties zijn ook 
significant (p=0,0296) (Turkey’s test). Na verouderen veranderde de hechtsterkte 
aan  composiet  en  keramiek  in  combinatie  met  beide  cementen  niet  significant 
(p  >  0,05).  Zowel  de  indirecte  composieten  (24,3±5,1MPa)  als  de  keramische 
substraten  in  combinatie  met  Variolink,  leverden  hogere  hechtsterktes  op  voor 
de  verouderde  composieten,  echter  niet  significant  (p  >  0,05).  De  verouderde 
composieten gecementeerd op het indirecte composiet of glaskeramiek behaalden 
geen significante verschillen in hechtsterkte (p > 0,05), zowel met Panavia (17,2±6 
en 15±5,5 MPa) als Variolink (19±8, 12,8±5,3 MPa). In alle groepen behaalde de 
groep  glaskeramiek-Variolink  op  verouderde  composieten  de  laagste  resultaten 
(12,8±5,3MPa).
In tegenstelling tot keramiek (18 van de 80) werden in de groepen van het indirecte 
composiet bijna alleen maar cohesieve breuken (79 van de 80) in het indirecte composiet 
waargenomen. Onafhankelijk van het cementtype was de hechtkwaliteit van de niet-
verouderde composieten beter aan indirecte composiet dan aan keramiek.
Het doel van de studie in HooFDstUK 3 was om de effecten van statische en 
cyclische belasting van keramische facings gecementeerd op tanden met en zonder 
verouderde composietrestauraties te evalueren. 
Tachtig gave centrale boven incisieven werden verzameld en willekeurig verdeeld 
over vier groepen:
Groep 1: controlegroep, zonder restauraties;
Groep 2: twee klasse III-restauraties;
Groep 3: twee klasse IV-restauraties;
Groep 4: compleet in composietsubstraat.
Gestandaardiseerde composietrestauraties werden gemaakt van een microhybride 
composiet (quadrant Anterior-Shine). De gerestaureerde tanden werden daarna 
thermisch  verouderd  (6,000x,  5-55°  C).  Facingpreparaties  werden  vervaardigd 
op het buccale vlak van de tanden. De tanden werden vervolgens behandeld met 
een ets-en-spoelsysteem. De verouderde restauraties werden voorbehandeld met 
silicacoating (CoJet) en gesilaniseerd (ESPE-Sil). Alle keramische facings werden 
gecementeerd  met  een  bisGMA-cement  (Variolink  Veneer).  Vervolgens  werden 
de  tanden  willekeurig  per  groep  weer  verdeeld  in  twee  groepen  voor  statische 
(groepen 1a, 2a, 3a en 4a) en cyclische belasting (groepen 1b, 2b, 3b en 4b). De 
fractuurtypes zijn na de test geclassificeerd. De data werden geanalyseerd met een 
one-way Anova en Turkey’s test. 
Significant hogere fractuursterktes werden verkregen in groep 4 (330±81 N) in 
vergelijking met de controlegroep 1 (179±120 N) (one-way Anova, p < 0,05). In 
de cyclische belastingtest had groep 1b slechtere resultaten (673x103 cycles) dan 
in de andere groepen 2b-4b (846x103-873x103 cycles). De fractuurtypes na de 174 175  174 175 
fractuurtest vertoonden voornamelijk adhesieve breuken tussen het dentine en het 
cement, maar na cyclisch belasten traden meer cohesieve breuken in het keramiek 
op. Keramische facings adhesief gecementeerd met de conditioneringsmethoden 
leverden goede resultaten op en kunnen voorkomen dat oude restauraties verwijderd 
dienen te worden.
In  HooFDstUK  4 w e r d e n  i n  e e n  k l i n i s c h e  s t u d i e  s p l i t  m o u t h  t w e e  d i r e c t e  
composietfacings geëvalueerd.
Bij 23 patiënten (6 mannen, 17 vrouwen, gemiddelde leeftijd 52,4 jaar oud) zijn 96 
directe composietfacings vervaardigd van twee verschillende composietmaterialen 
met  twee  verschillende  hechtsystemen  (Enabond-Enamel  Plus  HFO:  n=48;  SE 
Bond-Miris2:  n=48).  Het  glazuur  werd  selectief  30  seconden  geëtst  met  38% 
H3PO4, gedurende 30 seconden gespoeld, waarna het adhesief werd aangebracht. 
Aanwezige composiet restauraties in goede conditie (klein of groot) werden niet 
verwijderd maar voorbehandeld met silicacoating (CoJet) en gesilaniseerd (ESPE-
Sil). Restauraties werden vervolgens geëvalueerd op baseline en na elke 6 maanden. 
Een extra kwalitatieve analyse is uitgevoerd met een gemodificeerde USPHS. De 
gemiddelde observatieperiode bedroeg 41,3 maanden. 
In totaal vonden 12 absolute mislukkingen plaats [overlevingskans 87,5%] (Kaplan-
Meier). De overlevingskans van de twee verschillende composietmaterialen was niet 
significant verschillend [Enamel Plus HFO: 81,2%, Miris2: 93,8%] (p > 0,05). Ook de 
aanwezigheid van composiet restauraties in de te restaureren tanden vergrootte de 
kans opmislukking niet significant (op niet-gerestaureerde tanden 100%, met kleine 
restauraties 90,6% en grote restauraties 82,7%) (p > 0,05). 
Het  belangrijkste  kwaliteitsverlies  vond  plaats  op  het  gebied  van  de 
oppervlakteruwheid (Enamel Plus HFO: 1 van de 39, Miris2: 2 van de 45) en de 
randverkleuringen (Enamel Plus HFO: 0 van de 39, Miris2: 1 van de 45). Secundaire 
cariës en endodontische problemen werden niet waargenomen. 
Vroege  bevindingen  in  deze  klinische  studie  met  twee  verschillende  directe 
microhybride composietfacings vertoonden een statistisch gelijke overlevingskans. 
Hun klinische gedrag werd niet significant beïnvloed door te hechten aan tanden 
met of zonder aanwezige restauraties.
Het doel van HooFDstUK 5 was de overlevingskans te bepalen van keramische 
facings die op tanden zijn gecementeerd, met en zonder aanwezige composiet 
restauraties.
In totaal zijn 20 patiënten (15 vrouwen, 5 mannen; gemiddelde leeftijd 49,7 jaar) 
behandeld bij wie 92 keramische facings ( ShofuVintageAL, Shofu ) werden ver vaardigd 
in het bovenfront (gave tanden: n=26; tanden met bestaande restauraties: n=66). 
Facingpreparaties  met  overkapping  van  de  incisale  rand  werden  gemaakt  en 
aanwezige restauraties werden niet verwijderd maar behandeld met silicacoating 
(CoJet, 3M ESPE) en silane (ESPE-Sil, 3M ESPE). Het glazuur en dentine werden 174 175  174 175 
gedurende 15-30 seconden geëtst met 38% H3PO4, 30 seconden gespoeld, waarna 
adhesief (Excite, IvoclarVivadent) werd aangebracht en vervolgens de facings zijn 
gecementeerd (VariolinkVeneer, IvoclarVivadent). Restauraties werden geëvalueerd 
direct na plaatsen en daarna om de 6 maanden. De gemiddelde observatieperiode 
was 20,8 maanden. 
Er  zijn  5  restauraties  gefaald  (breuken:  n=3;  chippen:  n=1;  loslaten:  n=1).  De 
overlevingskans  was  94,6%  (Kaplan-Meier).  De  aanwezigheid  van  composiet 
restauraties  in  de  met  facings  gerestaureerde  tanden  vergrootte  de  kans  op 
mislukking  niet  significant  (niet-gerestaureerde  tanden  96,0%,  met  restauraties: 
93,5%) (p > 0,05). De grootste kwalitatieve afname was te zien bij de adaptatie 
van de randaansluiting (16 van de 87 facings) en verkleuring van de randen (12 
van de 87 facings). Secundaire cariës en endodontische problemen werden niet 
waargenomen. De klinische overleving van keramische facings werd tot 40 maanden 
niet significant beïnvloed door de aanwezigheid van de bestaande restauraties.
In HooFDstUK 6 is een split mouth gerandomiseerd klinisch onderzoek beschreven 
waarbij de overlevingskans van indirecte composiet en keramische facings werd 
evalueerd. In totaal zijn 10 patiënten (gemiddelde leeftijd 48,6 jaar) met 46 indirecte 
facings  (Estenia,  Kuraray;  n=23,  IPS  Empress  Esthetic,  IvoclarVivadent;  n=23) 
behandeld in het bovenfront. Preparaties inclusief overkapping van de incisale rand 
werden gemaakt en aanwezige composiet restauraties werden niet verwijderd maar 
geconditioneerd met silicacoating (CoJet, 3M ESPE) en silane (ESPE-Sil, 3M ESPE). 
Het glazuur en dentine werd 15-30 seconden geëtst met 38% H3PO4, gedurende 30 
seconden gespoeld, waarna adhesief (Excite, Ivoclar Vivadent) werd aangebracht 
en de facings werden gecementeerd (Variolink Veneer, Ivoclar Vivadent). De facings 
werden geëvalueerd direct na plaatsen en daarna om de 6 maanden. 17 Facings 
werden op gave tanden en 29 op tanden met aanwezige composietrestauraties 
gecementeerd.
In totaal zijn 3 mislukkingen waargenomen: loskomen (n=1) en breuk (n=2) bij de 
composietfacings.  De  verschillen  tussen  de  composiet  en  keramische  facings 
waren  niet  significant  verschillend  [Estenia:  87%,  IPS  Empress  Esthetic:  100%] 
(p > 0,05) (Kaplan-Meier). In totaal zijn bij 6 composiet- en 3 keramische facings 
adaptatieproblemen  geëvalueeerd.  Verkleuringen  van  de  randen  (n=3)  en  lichte 
oppervlakteruwheid (n=18) werd meer waargenomen bij de composietfacings.
De  vroege  bevindingen  van  dit  klinische  onderzoek  laten  zien  dat  beide 
materialen gebruikt kunnen worden voor facings, aangezien ze statistisch gelijke 
overlevingskansen hebben. Oppervlakteveranderingen werden wel meer gezien bij 
de composietfacings en maken mogelijk periodiek onderhoud noodzakelijk.
Het doel van HooFDstUK 7 was de breuksterkte vergelijken van directe en indrecte 
facings met en zonder glasvezelmat in de cementlaag. 
Hoektanden (N=50, n=10) werden beslepen met een speciale dieptemarkeerboor. 176 177  176 177 
Veertig indirecte facings werden vervaardigd van een hooggevuld indirecte composiet 
(Estenia, Kuraray) en tien van een direct composietmateriaal (quadrant Anterior 
Shine, Cavex). Gevlochten glasvezels (Everstick, Sticktech) werden op verschillende 
plaatsen in de cementlaag (Panavia, Kuraray) aangebracht. In de controlegroep 
werden geen glasvezels aangebracht. De proefstukjes werden daarna 1 maand in 
water van 37° C bewaard. De breuktest is uitgevoerd onder een hoek van 137° op 
de facing-cement-interface.
Er werden geen significante verschillen gevonden tussen de groepen (p > 0,01) (one-
way Anova). Indirecte facings hadden een gemiddelde sterkte van 246±46N, directe 
facings daarentegen 239±104N. Het gebruik van de glasvezels in de cementlaag 
had geen significante invloed op de breuksterkte van de facings (286-313 N).
De analyse van de breukvlakken liet zien dat de hechting tussen het cement en 
de glasvezel het probleem was: in meer dan 50% van de proefstukjes kwam de 
glasvezel aan de oppervlakte. Om de breuksterkte te verhogen wordt het gebruik 
van  glasvezel  in  de  cementlaag  niet  geadviseerd.  Zowel  indirecte  als  directe 
composietfacings gaven vergelijkbare breuksterktes.
In  HooFDstUK  8  worden  twee  casussen  beschreven  waarin  patiënten  zijn 
behandeld met minimaal invasieve keramische restauraties. 
In casus 1 is een mock-uptechniek gebruikt voor het minimaal invasief beslijpen 
voor de dunne facings. Naast de preparatie is een adhesiefprotocol van belang voor 
de overleving van facings. 
In casus 2 is een behandeling beschreven met partiële porseleinen facings. Deze 
restauraties zijn minder invasief dan de volledige facings, omdat ze alleen de reeds 
ontbrekende structuren vervangen waardoor een beslijping achterwege kan blijven.
De  bevindingen  en  relaties  tussen  de  verschillende  laboratorium-  en  klinische 
onderzoeken van dit proefschrift worden in HooFDstUK 9 bediscussieerd. De 
waarde van de klinische toepasbaarheid is aangegeven en ook zijn aanbevelingen 
gedaan voor toekomstige onderzoeken.
We concluderen dat:
- Aanwezige composietrestauraties kunnen worden voorbehandeld voor het   
  toepassen van facings; hierdoor kan worden voorkomen dat deze restauraties  
  moeten worden verwijderd.
- Zowel composiet als keramiek kunnen worden gebruikt voor facings. Wel    
  vertoonden de in dit onderzoek toegepaste composietfacings na verloop van tijd  
  meer oppervlakteveranderingen.
- Het aanbrengen van glasvezels op verschillende plaatsen in de cementlaag leidt  
  niet tot een verhoogde breuksterkte van de facings.176 177  176 177 Dankwoord180 181  180 181 
DANKWOORD (ACKNOWLEDGEMENTS)
Waarschijnlijk is dit het meest toegankelijke deel van het proefschrift dat bovendien door 
veel mensen als eerste wordt gelezen. Wat mij betreft is dat terecht, want vanzelfsprekend 
is mijn proefschrift geen soloproductie. Het is tot stand gekomen dankzij de hulp van 
velen. Mijn dank gaat dan ook uit naar alle personen die mij gesteund hebben bij het 
verwezenlijken ervan. Graag wil ik een aantal mensen persoonlijk bedanken.
Prof. dr. M. Özcan, hooggeleerde eerste promotor, beste Mutlu, mijn proefschrift 
begon met een scriptie bij jou. En ik realiseerde me al snel dat ik het met jou had 
getroffen: je bent een lopende denktank, fijne sparringpartner en bovenal een geweldig 
persoon! Ik waardeer je eerlijkheid in de wetenschap en jouw kritische blik bij het 
bespreken van onderzoeken of casussen. De beslissing naar Zurich te verhuizen voor 
een nieuwe baan was een mooie uitdaging voor jou, maar jammer voor mij als jouw 
promovendus. Gelukkig hebben we dankzij de bestaande communicatiemiddelen - 
zoals Skype, SMS en mail - en verschillende meetings (nationaal en internationaal) 
nog veel contact gehouden. Ik ben enorm trots jou als begeleider gehad te hebben. 
Bedankt (teşekkürler) voor al jouw hulp, input en filosofische gesprekken! Ik hoop 
ook dat we samen nog vele onderzoeken zullen doen.
Prof. dr. W. Kalk, hooggeleerde promotor, beste Warner, je hebt me overgehaald 
om na mijn studie een carrière te starten op de universiteit. Achteraf blijkt de keuze 
voor de universiteit een goede keuze te zijn geweest. Je hebt mij samen met Mutlu 
begeleid bij het proefschrift en de klinische studie, bedankt hiervoor. 
Prof.  dr.  M.S.  Cune,  lid  van  de  leescommissie,  beste  Marco,  fijn  dat  je  in  de 
beoordelingscommissie van mijn promotie wilt participeren. Bedankt daarvoor. Ik 
vind je een enthousiast persoon en waardeer de vrijheid die je me hebt gegeven 
om mijn promotie af te ronden. Ik hoop dat we in Groningen, naast een klinisch 
team, ook een goed onderzoeksteam krijgen. Wellicht kunnen we dan ook nog even 
bootstrappen (2000x)? 
Prof. dr. F.J.M. Roeters, lid van de leescommissie, beste Joost, hartelijk dank voor 
uw enthousiaste reactie, waardevolle opmerkingen en bereidwilligheid om zitting te 
nemen in de leescommissie en te opponeren.
Prof. dr. A.J. Feilzer, lid van de leescommissie, beste Albert, hartelijk dank voor uw 
bereidwilligheid om zitting te nemen in de leescommissie.
Prof. dr. M. Peumans, beste Marleen, hartelijk dank voor uw bereidwilligheid om te 
opponeren. Uw kennis met betrekking tot het onderwerp en de tijd die u vrijmaakt 
om naar Groningen te komen, waardeer ik zeer.180 181  180 181 
Prof. dr. H. Busscher, Prof. dr. H. Meijer, Prof. dr. B. Stegenga, beste Henk, Henny 
en Boudewijn, bedankt dat jullie tijdens mijn promotie willen opponeren.
Dr. H. van Pelt, beste Hans, jij geldt voor velen als een inspiratiebron. Je geeft onze 
studenten een kritische blik en positieve attitude mee. We hebben veel interessante 
discussies gevoerd waarin we het niet altijd met elkaar eens waren (gelukkig ;-)). 
Voor  wat  betreft  de  adhesieve  tandheelkunde  ben  je  voor  mij  een  leermeester 
geweest. Bedankt dat je tijdens mijn promotie wilt opponeren. 
Dhr. S.A.M. van der Made, beste Stephan, 2007 is het jaar dat wij elkaar ‘gevonden’ 
hebben. Sindsdien hebben we samen een enorme vlucht gemaakt en bellen we 
elkaar bijna dagelijks over casussen, nieuwtjes, cursussen en privézaken. Ik vind 
het enorm fijn om met je samen te werken en waardeer je inzet, inzicht en mooie 
werk enorm! Jouw altijd rustige, kritische opstelling maar ook je enthousiasme en 
uitvindingsvermogen maakt je tot een bijzondere en goede vriend. Bedankt dat je 
vandaag mijn paranimf wilt zijn. 
Dr. G.J. Buijs, jo jo Jappe, mooi tandheelkundig werk maken is onze passie! Elke 
keer weer wat mooier, beter en onzichtbaarder. Het werken met vergroting is ook 
zo fantastisch! Tandheelkundig zitten we grotendeels op één lijn; met als gevolg dat 
we uren kunnen praten over tandheelkundige details. Met jou casussen bespreken, 
verveelt me nooit. De autorit van Groningen naar Beilen lijkt in ieder geval een 
stuk korter wanneer ik jou aan de telefoon heb. :-) Ik waardeer je niet alleen als 
professional maar je bent ook een fijne vriend, een bijzonder mens. Bedankt dat je 
vandaag mijn paranimf wilt zijn. 
Drs.  D.J.  Jager,  beste  Derk-Jan/kamergenoot/overbuurman,  mooie  grappen 
verzinnen, namen voor tandtechnische labs bedenken, regenpakken zoeken op 
Marktplaats, loempia’s eten, maar vooral ook het wel en wee delen van de uni 
en de toekomst. De dinsdag was niet altijd super productief, maar ook zeker niet 
ongezellig! Bedankt en succes met het afronden van jouw proefschrift.
Drs. D. Prins en drs. H. Alting, beste Dick en Henk, samen met Hans werden we 
ook wel de cowboys genoemd. En eigenlijk ben ik daar best wel een beetje trots op. 
Een stapje verder durven zetten, kan tot mooie resultaten leiden en nieuwe inzichten 
opleveren. Ik denk dat we samen veel studenten hebben kunnen enthousiasmeren 
voor ons mooie vak tandheelkunde. Bedankt dat jullie mijn klinische onderzoek 
wilden evalueren.  
Drs. e. Hekman en drs. H. van olm, beste Eddy en Hans, ik begon mijn klinische 
werkzaamheden met jullie als teamleiders. Bedankt dat jullie mij enthousiasme en 
liefde voor het vak hebben bijgebracht! Eddy, je hebt gelijk. :-) 182 183  182 183 
Drs. m. Brenkman en drs. a. Krol, mijn ex-roomies, Martijn en Alexander, wat een lol 
hebben we gehad om de verschillende youtube-filmpjes en de grappen die we hebben 
uitgehaald. Fijn om toffe collega’s te hebben! Martijn, jij bent een echt mensen-mens. 
Ik waardeer dat zeer en bedankt voor je steun, ook tijdens moeilijke perioden.
Drs. c. estl, beste Chris, we hebben veel beleefd de afgelopen jaren; huisgenoten 
tijdens onze studie, congressen bezocht, spinning in de sportschool, wintersporten 
en het beklimmen van de Aconcagua tot 6200 meter. Voor mij stuk voor stuk fijne 
herinneringen!  
Kamergenoten eric, Ulf, renske, Dennis, bedankt voor de leuke tijd die we samen 
hebben (gehad). Ik heb veel aan jullie expertise gehad. En fijn dat ik jullie altijd weer 
mocht vervelen met mijn nieuwe casussen. 
Drs. m. Hohman, beste Maurits, dude, samen met Stephan, Jappe en DJ vormen we 
de biomimetische groep waarin we veel van elkaar leren. Implanteren, cementeren, 
kronen bakken, noem maar op. Dit zijn superdagen! Ik hoop dat er nog vele volgen. 
Niet alleen vanwege je professionele inzet maar ook omdat ik je een sociaal en leuk 
persoon vind. 
Petra, tiny, Lammert, Dik, Pieter, aaf, Peter, Dennis, mariska, maria, bedankt 
voor jullie secretariële, technische en faciliterende ondersteuning.
collega’s  van  het  centrum  voor  tandheelkunde  en  mondzorgkunde,  Umc 
groningen, alle niet met name genoemde collega’s, bedankt voor jullie belangstelling, 
contacten en plezierige samenwerking.
casper smeets, Joost nederkoorn, gerhard smith, Lucienne van Vianen, astrid 
Pijpers, bedankt voor alle materialen die jullie beschikbaar hebben gesteld voor de 
verschillende onderzoeken. 
Dr. e. Huizinga, Eltjo, ik zal nooit vergeten hoe jij, als eerste praktijkhouder waar 
ik bij ging werken, op mijn afstudeerfeest binnen kwam! Bedankt dat je me vanaf 
het begin gemotiveerd hebt kwaliteit te leveren en mij de geweldige wereld van de 
behandelmicroscoop hebt leren ontdekken. 
medewerkers van mondzorg midden Drenthe, bedankt voor het doorverwijzen 
van de juiste patiënten voor de verschillende klinische onderzoeken. Assistentes, 
bedankt voor het geduld, jullie inzet en het regelen van vrije dagen als ik weer eens 
een congres of cursus had. Bedankt voor de samenwerking de afgelopen jaren!
Drs.  H.  Beekmans,  dhr.  m.  mulder  en  collega’s  van  Beekmans  tandartsen, 182 183  182 183 
bedankt voor het leerzame en inspirerende jaar dat ik bij jullie heb mogen werken. 
Ik heb bij jullie de precisie, de rust en de liefde voor het vak mogen ervaren. 
Drs. J. mulder, beste Jitse, bedankt voor de rust en ruimte die jij mij biedt patiënten 
te behandelen bij TIP Tandartsen.
Patiënten  van  de  verschillende  klinische  onderzoeken,  bedankt  dat  jullie  het 
vertrouwen hadden in mij als behandelaar en wilden participeren in de verschillende 
klinische  onderzoeken.  Ik  hoop  dat  jullie  nog  lang  van  de  restauraties  mogen 
genieten. 
mevr. s de Vries, W. Van de Kerkhof, i. van der Hulst, beste Saar, Wim en Ivo, 
mede door jullie inzet ziet dit boek er zo mooi uit, bedankt daarvoor.
Jan en Jaenette, bedankt dat jullie tijdens mijn universiteitsdagen met zoveel liefde 
op onze Maud hebben gepast!
Lieve Papa & mama, door jullie aanmoediging, liefde en steun heb ik uit mezelf 
kunnen halen wat erin zit. Zonder jullie support was ik nooit zover gekomen, super 
bedankt hiervoor! 
Lieve Job en Hetty, bedankt voor jullie belangstelling en steun tijdens mijn promotie. 
Hetty, bedankt voor jouw adviezen en presentatietrainingen!
Lieve  familie,  natasja,  Patrick,  thomas,  Lieke,  Frank,  marieke,  sjors  en  Pim, 
bedankt voor jullie belangstelling en steun tijdens mijn promotie. 
En mijn laatste dank gaat uit naar mijn Linda, Lin, lieverd, jij bent mijn grote support 
geweest tijdens deze promotie! Ik realiseer me goed dat jij eveneens heel wat hebt 
moeten opgeven voor mijn promotie. Zoals verhuizen naar het noorden en die vier 
jaar werd elke keer toch weer ietsje langer. Ook waren daar elke keer weer de voor 
en na foto’s van de klinische casussen. In de gespreken aan de keukentafel was je 
niet alleen een luisterend oor maar ook de spiegel die ik nodig had. Ik kon altijd bij 
jou terecht en dat vind ik fijn. Nu, na zes en een half jaar, is het dan toch eindelijk 
klaar. :-) En krijg ik het gelukkig wat rustiger; niet meer elke avond achter de laptop.   
We hebben de laatste jaren veel leuke dingen beleefd, zoals het kopen van een huis, 
het krijgen van onze Maud en een paar mooie vakanties. Wat ik in jou waardeer is 
niet alleen jouw mooie verschijning en enthousiasme, maar vooral ook jouw interesse 
in anderen en je goedheid van binnen. Ik kijk uit naar september, een fantastische 
bruiloft. Ik hou van je!
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